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VLADIMIR  YAKOVLEVICH  KURBATOV 
(1878  -  1957) 

K.  P.  Mishchenko  and  V.  V.  Razumovskii 


Vladimir  Yakovlevich  Kurbatov  passed  away  on  February  12,  1957,  at  the  age  of  80.  V.  Ya.  Kurbatov 
belonged  to  the  class  of  encyclopedic  scientists,in  that  his  scientific  studies  embraced  varied  fields  in  both 
chemistry  and  chemical  technology. 

V.  Ya.  completed  his  work  in  the  Natural  Sciences  Division  of  the  Faculty  of  Physical  Mathematics  at 
St.  Petersburg  University  in  1900.  In  October  1900,  a  vacancy  for  the  position  of  laboratory  worker  (at  the 
time  they  were  called  assistants)  arose  in  the  Chemistry  Department  of  St.  Petersburg  University,  and  V.  Ya.  was 
Invited  by  D.  P.  Konovalov  [1]  to  take  the  position.  In  the  university  laboratory  V.  Ya.  did  experimental  work 
on  the  nature  of  liquids,  and  at  the  same  time,  at  the  suggestion  of  D.  I.  Mendeleev,  he  made  a  study  of  thio 
salts. 


In  1905  V.  Ya.  was  sent  by  St.  Petersburg  University  to  the  laboratory  of  Henri  Le  Chatelier  in  Paris  to  learn 
about  the  latest  advances  in  methods  for  studying  metal  alloys.  The  eminent  French  scientist  gave  the  young 
Russian  chemist  the  problem  of  finding  techniques  for  distinguishing  the  different  components  of  hardened  steel.  It 
proved  that  V.  Ya.  was  able  to  solve  this  problem  in  a  short  time,  capitalizing  on  his  profound  knowledge  of  the 
nature  of  liquids.  For  this  purpose  he  developed  the  "Kurbatov  reagents"  or  etching  solutions,  which-are  used 
in  practice  at  the  present  time  to  bring  out  the  microstructure  of  steel  [2]. 

V.  Ya.  began  his  career  as  a  teacher  in  1905,  teaching  a  course  in  general  chemistry  in  the  Agronomy 
Section  of  St.  Petersburg  University.  On  May  17,  1907  V.  Ya.  was  competitively  selected  to  teach  physical 
chemistry  at  the  St.  Petersburg  Technological  Institute,  where  he  founded  the  Department  of  Physical  Chemistry 
[3],  which  he  headed  for  50  years.  He  also  founded  the  Department  of  Colloid  Chemistry  at  the  same 
Institute.  At  the  same  time,  V.  Ya.  served  as  principal  of  the  Science  Education  section,  annually  taking  part 
In  various  commissions  of  the  Institute.  In  1908  V.  Ya.  took  part  in  organizing  the  Chemical  Faculty  of  the 
Women’s  Polytechnical  Institute.  Together  with  A.  A.  Baikov,  he  gave  invaluable  help  to  P.  N.  Ariyan,  the 
founder  of  this  school  of  higher  technical  learning  for  women,  the  first  of  its  kind  in  the  world,  in  setting  up 
the  study  plan  and  the  study  programs.  Fron  1908  to  1923  V.  Ya.  taught  courses  in  both  physical  and  colloid 
chemistry  to  students  destined  to  be  the  first  Russian  women  engineers  [4].  In  1915  V.  Ya.  was  appointed  director 
of  the  Laboratory  for  Testing  Materials  in  the  Ministry  of  Agriculture.  During  the  First  World  War  he  served  as 
consultant  on  the  design  and  construction  of  chemical  plants,  operating  in  the  defense  of  the  country. 

After  the  Great  October  Socialist  Revolution  V.  Ya.  immediately  took  part  in  setting  up  the  Soviet 
government.  As  early  as  1917  V,  Ya.  was  appointed  scientific  consultant  to  the  People’s  Commissariat  of 
Education.  He  took  an  active  part  in  the  erection  of  Soviet  higher  schools,  and  at  the  same  time  he  did  yeoman 
work  in  the  preservation  of  art  relics  and  antiques.  In  1918  V.  Ya.  was  one  of  the  organizers  of  the  Chemical 
Division  of  the  Higher  Soviet  National  Economy.  He  was  of  great  help  in  putting  into  operation  in  Petrograd 
the  first  plant  for  the  extraction  of  radium.  In  1919  V.  Ya.  was  appointed  a  member  of  the  Soviet  National 
Economy  of  Siberia.  In  1923  he  was  consultant  to  the  Agricultural  Exhibition  in  Moscow.  V.  Ya.  Kurbatov  was 
one  of  the  initiators  and  participants  in  supplying  to  the  government  the  reports  of  trained  chemists  on  the 
chemization  of  the  national  economy. 

In  1928  the  Council  of  People’s  Commissars  of  the  USSR  formed  the  Committee  on  the  Chemization 
of  the  National  Economy,  and  V.  Ya.  was  appointed  a  member  of  this  committee.  In  the  same  year  he  was  sent  to 
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France,  where  he  delivered  a  paper  entitled  "The  Structure  of  Liquids*  at  the  First  International  Convention  of 
Physical  Chemists. 

During  the  years  of  industrialization,  V.  Ya.  turned  his  creative  talents  to  the  development  of  chemical 
expansion  and  the  organization  of  new  chemical  industries.  He  helped  in  solving  various  problems  of  a  chemical 
and  technical  nature  for  the  Research  Institute  of  Plastics,  Central  Laboratory  of  the  "Red  Triangle”  Rubber  Factory, 
All-Union  Aluminum-Magnesium  Research  Institute,  Central  Battery  Laboratory,  All-Union  Research  Institute  on 
Fats,  Nevsk  Stearin  Plant,  shoe  factory  "Skorokhod",  and  other  enterprises. 

During  1931-1939  V.  Ya.  fulfilled  the  honorary  and  functional  duties  of  a  deputy  of  the  Leningrad  City 
Council  of  Deputies  working  at  the  XIII  and  XIV  Meetings. 

During  the  years  of  the  Great  Fatherland  War  inl941-1945  the  tirelessly  conducted  special  scientific 
studies,  acted  as  consultant  to  a  number  of  plants  and  factories,  operating  in  the  defense  of  the  Country,  and 
suggested  a  method  for  the  underground  storage  of  world  art  relics. 

Developing  the  atomistic  theory  during  1906-1907,  Kurbatov  extended  it  to  the  structure  of  the  cosmos 
and  23  years  before  the  discoveries  of  the  American  astronomer  Hubble  predicted  the  existence  of  supergalactic 
systems  in  the  universe.  Here  Kurbatov  wrote  "but  there  is  no  basis  to  believe  that  it  is  not  possible  for  entities, 
composed  of  star  systems,  to  exist,  the  same  as  the  latter  are  composed  of  solar  systems"  [42,  46].  •  Proceeding 
from  the  theory  of  Mendeleev  regarding  the  complex  structure  and  divisibility  of  the  atom,  V,  Ya.  arrived  at  tiie 
following  conclusion  in  1907  regarding  the  complex  structure  and  divisibility  of  the  atom:  "In  exactly  the  same 
manner  it  is  impossible  to  think  that  electrons  are  the  limit  of  divisibility.  Once  it  is  assumed  that  the  universe 
is  infinite,  then  electrons  also  are  divisible"  [42,  46].  During  this  same  time  Kurbatov  made  the  statement  that 
"some  electrons  of  the  atom  cleave  easily,  and,as  a  result  of  them, electrostatic  (electrolytic)  bonds  are  formed 
between  the  atoms".  In  this  connection  the  "number  of  such  electrons  corresponds  to  the  designation  of  the  group 
in  the  Mendeleev  law  [to  the  extent  that  it  is  not  masked  by  the  ability  of  the  atom  to  add  such  electrons 
(Groups  4,  5,  6  and  7)]"  [46]. 

The  physical  meaning  of  this  tenet  was  later  enunciated  by  the  theory  proposed  by  N.  Bohr  for  the 
structure  of  the  atom.  According  to  Kurbatov,  "the  alkali  metals  and  silver  have  one  electrolytic  valence,  the 
second  group  has  2,  the  third  group  has  3,  and  the  fourth  group  has  2  in  the  compounds  SnClj  and  PbClj .  .  . 

As  regards  the  negative  type  of  valence,  i.  e.,  the  ability  to  add  electrons,  then,  undoubtedly,  it  is  equal  to  one 
in  the  seventh  group,  and  possibly  is  equal  to  two  in  the  sixth  group,  since  there  are  indications  that  sulfur 
compounds  show  electrolytic  conductivity"  [46]. 

In  the  opinion  of  V.  Ya.,  the  number  of  electrovalences  possessed  by  atoms  of  chemical  elements  varies 
with  the  groups  in  the  Mendeleev  periodic  system.  He  came  to  the  conclusion  that  two  types  of  chemical  bonds 
exist.  In  chemical  compounds  — electrolytes— the  atoms  are  bound  to  each  other  by  the  attraction  of  opposite 
electric  charges.  He  emphasized  that  "it  is  necessary  to  assume  the  existence  of  special  bonds  in  order  to  explain 
compounds  that  do  not  undergo  electrolysis,  for  example,  SnCl4,  CH4,  etc."  [46]. 

These  ideas  of  Kurbatov  preceded  in  part  some  of  the  tenets  of  the  electron  theories  as  proposed  by  Kossel 
(1916)  and  by  Lewis  (1916)  for  the  chemical  bond  and  the  structure  of  molecules. 

Kurbatov  believed  that  "there  exists  a  series  of  transitions  between  compounds  capable  of  becoming 
electrolytes,  and  compounds  not  capable  of  being  such"  [46]. 

As  a  result,  according  to  the  concepts  of  V.  Ya.,  between  chemical  compounds  with  an  ionic 
(electrostatic)  bond  and  chemical  compounds  (nonelectrolytes)  with  an  atomic  bond  there  exist  all  degrees  of 
transition,  which  fix  the  unity  of  these  opposite  forms  of  compounds.  The  studies  of  V.  Ya.  contributed 
substantially  to  the  development  of  the  periodic  law  [5]. 

The  principal  physicochemical  studies  of  V.  Ya.  were  made  in  the  field  of  the  structure  of  liquids,  which 
studies  he  conducted  systematically  and  in  a  well-planned  manner  for  a  period  of  sixty  years.  In  1898,  while  still 


•  References  to  the  works  of  V.  Ya.  Kurbatov  are  given  in  the  section  "Bibliography  of  Principal  Scientific 
Papers". 
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a  student,  he  began  to  study,  in  the  latoratory  of  D.  P.  Konovalov, the  latent  heat  of  vaporization  of  aniline 
hydrochloride  and  its  dissociation  when  vaporized.  In  1902  V.  Ya.  made  the  more  difficult  measurements  of  the 
latent  heat  of  vaporization  of  mercury.  His  experiments  on  the  latent  heats  of  vaporization  of  liquids  disclosed 
exceptions  to  the  Trouton  rule.  The  results  of  these  studies  were  reported  by  him  in  1902  at  the  International 
Convention  of  Naturalists  in  Helsingfors.  These  studies  are  classic  and  are  still  Important  at  the  present  time. 
In  1904  V.  Ya.  finished  his  study  of  the  heat  properties  of  aniline  and  their  dependence  on  the  temperature,  which 
led  to  establishing  the  presence  of  a  minimum  heat  capacity  for  aniline,  and  this  refuted  the  universality  of  the 
Schiff  rule  regarding  a  linear  relationship.  The  first  observations  caused  him  to  think  about  the  nature  of  the 
association  of  liquids,  i.e.  the  nature  of  intermolecular  cohesion. 

During  the  period  from  1903  to  1945 ,V.  Ya.  gradually  accumulated  a  vast  amount  of  experimental  data: 
he  investigated  the  properties  of  more  than  400  liquids.  As  early  as  1907  V.  Ya.,  in  examining  the  experimental 
material  at  his  disposal,  arrived  at  the  opinion  that  crystalline  properties  are  manifested  in  the  liquid  state  [46]. 
Later  studies  of  V.  Ya.  confirmed  the  validity  of  this  opinion.  It  proved  that  in  his  opinions  regarding  the  nature 
and  structure  of  liquids,  V.  Ya.  preceded  by  some  10  to  20  years  the  tenets  and  concepts  held  by  all  at  the  present 
time. 


The  experiments  made  by  V.  Ya.  on  determining  the  heat  capacity  of  superheated  vapors  for  80 
compounds  are  the  first  and  among  the  very  few  experiments  reported  In  the  literature.  Using  as  a  base  the 
obtained  experimental  data,  he  created  in  1916  a  theory  for  the  structure  of  liquids,  according  to  which  the 
particles  of  liquids  are  not  only  attracted  to  each  other  as  a  whole,  but  to  a  greater  or  less  degree  also  exchange 
ions,  atoms,and  radicals. 

The  basic  idea  of  V.  Ya.  Kurbatov’s  theory  reduces  to  the  statement  that  'a  molecule  of  water  is 
equal  to  its  given  mass,  independent  of  whether  we  are  dealing  with  a  drop  or  with  the  ocean*  [78].  This 
thought,  expressed  by  V.  Ya.  in  1916,  was  repeated  in  peculiar  form  some  twenty  years  later  by  Langmuir  at  the 
International  Physical -Chemical  Congress  in  Edinburgh  (1936)  without  reference  to  Kurbatov. 

The  tlieory  of  V.  Ya.  exposes  the  dynamic  nature  of  liquids,  recognizing  the  existence  of  a  continuous 
exchange  between  the  component  parts  of  the  molecules  of  liquids.  This  theory  is  in  complete  accord  with 
contemporary  viewpoints,  and  preceded  the  opinions  regarding  the  nature  of  liquids  by  many  years.  The  entire 
community  of  investigations  made  by  V.  Yp.,  devoted  to  studying  the  structure  and  properties  of  liquids, 
represents  a  unified  and  purposeful  task  of  capital  proportions.  Based  on  his  investigations,  V.  Ya.  set  up  a 
number  of  approximate  rules  for  the  heat  properties  of  liquids. 

V.  Ya.  made  a  major  contribution  to  the  theory  of  the  formation  of  crystals,  gelstand  colloids.  As 
early  as  1917  he  stated  that  ionic  exchange  takes  place  in  the  vapors  of  compounds  whose  molecules  have  an 
ionic  bond;  in  liquids»exchange  takes  place  between  the  component  parts  of  their  molecules,  in  particular, 
electron  exchange;  in  the  case  of  ionic  crystals  it  is  electron  exchange  that  is  realized.  Proceeding  from  these 
tenets,  he  continued  on  to  make  further  discoveries  regarding  the  processes  of  crystal  formation.  It  was  stated 
by  V.  Ya.,  that  "the  strength  of  crystals  (hardness,  melting  point)  increases  in  going  to  the  ions  with  higher 
valences,  and  is  especially  sharp  in  the  transition  from  monovalent  to  divalent  ions.  The  rate  of  crystallization 
decreases  with  increase  in  the  valence  of  the  ions,  and  is  especially  sharp  in  going  from  divalent  to  trivalent 
ions"  [86,  87]. 

These  rules,  established  by  V.  Ya.  in  1924,  were  later  confirmed  by  numerous  experiments  and 
observations,  made  both  in  the  laboratory  and  in  production  practice.  The  Kurbatov  rule  regarding  the  relation¬ 
ship  between  the  strength  of  crystals  and  the  valence  of  their  ions  received  experimental  proof  in  1927  in  the 
investigations  of  the  German  scientist  Goldschmidt. 

The  process  of  crystal  formation  was  regarded  dialectically  by  V.  Ya.  as  a  unity  of  opposite  processes 
of  formation  and  decomposition.  He  rejected  the  possibility  of  forming  an  ideal  crystal,  proving  his  position  by 
the  unity  of  the  opposite  influences  exerted  by  the  centers  of  crystallization  and  the  mother  medium.  If  the 
centers  of  crystallization  cause  a  mutual  coordination  of  the  ions,  then  on  the  other  hand,  the  mother  medium 
(liquor,  melts)  and  impurities  (foreign  ions)  upset  this  coordination.  According  to  his  theory,  the  principal 
sources  of  crystallization  centers  are,  as  a  rule,  those  created  by  a  coupling  of  the  ions  of  the  principal  substance 
with  the  ions  of  the  impurities,  giving  the  most  rapid  crystallization  witli  the  highest  strength  for  the  crystal. 
Usually  this  is  a  combination  of  divalent  ions,  appearing  as  impurities  and  forming  the  first  centers  of 
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crystallization.  Optimum  crystallization,  remarked  Kurbatov  in  1920,  lies  in  the  divalent  ions,  and  they  are  not 
centers  for  the  crystallization  of  gels  of  multivalent  inorganic  and  organic  ions  (compounds  of  aluminum,  silicon, 
carbon  .  .  . ),  The  salts  of  monovalent  ions  sharply  lower  (when  compared  with  divalent  ions)  both  the  strength 
of  the  crystals  and  the  temperature  of  crystallization,  but  they  also  accelerate  crystallization,  not  permitting 
substantial  supercooling.  The  salts  of  tri-  and  tetravalent  ions  permit  substantial  supercooling,  and  they 
crystallize  slowly,  but  the  crystals  are  very  strong.  Decreasing  the  degree  of  ionization  shown  by  salts  results 
in  decreasing  both  the  strength  of  their  crystals  and  the  temperature  of  their  crystallization. 

According  to  the  theory  of  Kurbatov,  gels  and  colloids,  whose  basic  external  characteristic  is  the 
absence  of  crystallization,  can  exist  only  if  their  skeleton  contains  crystallization  centers  that  develop  quite 
slowly.  It  is  possible  for  the  crystallization  centers  to  have  the  composition  of  the  principal  substance  present 
in  the  gel  or  colloid,  and  it  is  also  possible  for  them  to  have  a  different  composition,  especially  that  of  divalent 
ions,  corresponding  to  the  optimum  crystallization.  According  to  Kurbatov,  the  process  for  the  formation  of 
gels  consists  in  a  successive  chemical  polycondensation  of  the  molecule  with  the  ions  having  a  high  valence, 
accompanied  by  an  entrapment  of  the  solvent  molecule,  and  terminating  in  the  formation  of  a  gigantic  molecule. 

The  concepts  developed  by  V.  Ya.  in  the  period  from  1917  to  1924  regarding  the  universal  nature  of  the 
amphoteric  state  show  that  all  substances  in  sufficiently  acid  medium  are  cations,  in  sufficiently  alkaline  medium 
they  are  anions,  and  in  the  transition  state  they  are  amphions.  The  tenets  of  V.  Ya.  regarding  the  universal 
nature  of  the  amphoteric  state  for  substances  received  expansion  in  the  most  recent  theories  regarding  acids  and 
bases  [6].  According  to  the  theory  of  Kurbatov,  amphions,  having  a  balanced  charge  due  to  the  neutralization  of 
opposite  charges  and  the  separation  of  water,  form  one  common  polyamphlon,  nH +(HA102)“OH=^HA102)n +nHOH. 

Because  of  heat  motion  in  different  portions  of  the  polyamphlon,  it  is  impossible  to  have  a  complete 
balancing  of  the  charge.  For  this  reason  it  is  possible  to  have  in  some  portions  of  the  amphion  the  addition  of 
water  and  a  rupture  of  the  bonds  between  amphions,  while  in  other  portions,  quite  close  to  the  balanced  charge 
state,  it  is  possible  to  have  the  separation  of  water  and  a  strengthening  of  the  bonds  between  amphions. 

Kurbatov  regarded  protein  macromolecules  in  the  neutral  state  as  being  polyamphions  of  amino  acids. 

If,  at  the  time,  the  concept  of  V.  Ya.  that  the  protein  macromolecule  was  a  polyamphlon  met  with  objections, 
then  at  the  present  time  this  concept  is  generally  accepted  and  possesses  great  practical  value  for  disclosing 
the  elastic  properties  of  proteins  and  for  understanding  the  process  for  the  coagulation  of  their  solutions. 

According  to  Kurbatov,  dehydration  simplifies  the  composition  and  accelerates  the  crystallization  of  a 
polyamphlon.  For  this  reason,  crystallization  expands  inside  of  polyamphions,  i.e.,  the  polyamphions  are  trans¬ 
formed  with  greater  or  less  rapidity  into  crystalline  polyamphions.  In  exactly  the  same  manner,  in  order  to  obtain 
gels,  it  is  only  necessary  to  have  a  sufficiently  high  valence  for  the  ions,  needed  to  produce  slow  crystallization, 
and  a  sufficiently  close  approach  to  the  balanced  charge  state.  Only  a  slight  deviation  from  the  balanced  charge 
state  results  in  the  formation  of  colloidal  crystalline  polyamphions.  If  the  ions  have  a  fairly  low  valence,  and  if 
the  solution  deviates  considerably  from  the  balanced  charge  state,  then  an  ionic  solution  is  obtained. 

According  to  the  theory  of  Kurbatov,  gels  have  a  structure  that  resembles  a  space  lattice,  the  unit  cells 
of  which  are  filled  either  with  water  or  with  solution;  the  tliickest  places  in  the  spongy  tissue  are  the 
crystallization  centers,  while  the  thinnest  places  are  either  formed  as  the  result  of  dehydration  or  ruptured  as  the 
result  of  hydrolysis.  The  substances  crystallizing  from  a  solution,  a  colloidal  solution,  or  a  gel,  always  have  a 
simpler  composition  than  the  original  solution  or  gel.  Colloids  and  gels  are  transient  formations,  decomposing 
into  crystals  and  solvent.  According  to  the  theory  of  Kurbatov  "the  crystal  and  the  pure  liquid  are  the  limiting 
states  of  a  substance;  solutions,  colloidal  solutions  and  gels  are  its  intermediate  states"  [86,  87,  95,  96,  128]. 

On  a  general  plane,  the  crystal -polyamphlon  theory  of  Kurbatov  explained  the  process  for  the  formation 
of  crystals,  gels,  colloids  and  solutions.  His  theory  placed  in  one  continuous  series  such  contrasting  states  of 
substances  as  crystals— gels— colloids— true  solutions,  and  established  their  unity.  The  theory  also  showed  that 
crystals,  gels,  colloids  and  solutions  are  linked  witn  each  other  through  mutual  transitions.  If  in  1924,  when  V.  Ya. 
expressed  and  developed  the  crystal -polyamphlon  theory,  the  scientific  literature  was  almost  devoid  of  data  on 
the  presence  of  crystallization  centers  in  animal  gels,  then  in  the  thirties  the  broad  x-ray  studies  of  colloids  and 
tissues  gave  direct  proof  of  the  tenets  and  conclusions  of  the  crystal -polyamphlon  theory.  The  theories  of  gel 
formation  developed  at  a  considerably  later  date  by  a  number  of  prominent  foreign  investigators  (Kruyt,  Carman, 


3479 


etc.)  proved  in  many  respects  to  be  identical  with  the  theory  of  Kurbatov,  The  opinions  of  V.  Ya.  regarding  the 
processes  of  gel  formation  received  furtlier  expansion  in  the  investigations  of  A.  V.  Kiselev,  who  studied  the 
active  surface  structure  of  silica  gel  (1936),  and  those  of  V.  B.  Aleskovskii  (1949-1957)  [7],  who  studied  the 
chemical  structure  of  substances  showing  both  absorption  capacity  and  catalytic  activity. 

Extending  the  crystal-polyamphion  theory  to  biochemical  phenomena,  V.  Ya.  came  to  the  conclusion 
that  crystallization  plays  an  essential  role  in  living  processes.  In  his  opinion,  the  complete  development  of 
crystallization,  i.e.,  decomposition  of  a  gel  into  crystal  and  liquid,  is  one  of  the  reasons  for  the  death  of  the 
organism. 

Mineral  ions  (Ca” ,  PO4"*)  are  found  in  the  living  tissue  in  extremely  small  amounts,  but  their  importance 
for  the  processes  of  living  is  very  great.  As  the  result  of  a  periodicity  in  the  deposition  of  the  calcium  and  sodium 
salts  of  polyamino  acids  in  the  organism  there  appears  a  periodicity  in  the  structure  of  the  organism’s  tissues 
[110,  121,  123].  The  deposition  of  calcium  ions  in  the  organism’s  tissues  leads  to  a  contraction  of  the  tissues  (to  a 
constriction  of  the  blood  vessels),  while  the  deposition  of  sodium  ions  leads  to  increased  hydrolysis  of  the  tissues 
and  to  their  swelling.  All  of  this  determines  the  periodicity  of  the  phenomena  of  living.  The  periodicity  of 
tissue  structure  was  shown  later  when  smooth  muscle  fibers  were  studied,  in  particular,  using  the  electron 
microscope  method. 

Generalizing  the  theory  of  liquids  and  the  crystal-polyamphion  theory  of  colloids  and  gels  led  V.  Ya. 
to  develop  the  polyionic -halistic  theory  of  electrolytes,  according  to  which  a  solution  is  regarded  as  a  system  in 
which  water  not  only  acts  on  the  electrolyte  (hydrolysis),  but  is  itself  "halized"  due  to  the  influence  exerted  by 
the  strong  charges  of  the  ions  of  the  electrolyte,  causing  an  increased  asymmetry  of  the  mutual  distribution  of  the 
hydrogen  and  hydroxyl  ions.  Here  the  water  shows  increased  ionization  due  to  the  constant  exchange  of  free  ions 
or  of  the  ions  formed  as  a  result  of  the  hydrolysis  of  the  polyamphions.  Upsetting  the  symmetry  of  the  hydrogen 
and  hydroxyl  ions  causes  the  water  to  show  different  degrees  of  ionization  in  different  parts  of  the  solution.  Water, 
suffering  change  when  an  electrolyte  is  dissolved  in  it,  in  this  manner  causes  the  latter  to  change,  increasing  its 
ionic  character.  According  to  the  concepts  of  V.  Ya.,  ions  dissolve  in  water  as  coordination  complexes  with  the 
water,  containing  more  of  the  latter  than  is  present  in  crystallohydrates.  The  ions,  when  the  concentration  of  the 
electrolyte  solution  is  increased,  or  when  the  balanced  charge  state  is  approached,  are  converted  into  polyions. 

In. the  case  where  crystallization  centers  develop  in  the  polyions,  the  latter  are  transformed  into  crystalline 
polyions.  Monovalent  ions,  in  harmony  with  their  fast  crystallization  rate,  give  crystallization  centers  that  are 
formed  and  decomposed  in  exactly  the  same  manner  as  the  polyions  of  the  solution  are  formed  and  decomposed 
continuously.  In  electrolytes  with  multivalent  ions  the  amph^ons,  polyamphions  and  polyions  are  formed  and 
decomposed  all  the  time.  This  represents  the  principal  difference  between  concentrated  solutions  of  electrolytes 
and  colloids. 

In  many  respects,  the  basic  tenets  of  the  Kurbatov  polyionic- halistic  theory  have  found  at  the  present 
time,  in  a  different  form,  a  confirmation  and  experimental  expansion  in  investigations  of  polyelectroiytes. 

In  conclusion  it  should  be  stated  that  V.  Ya.  Kurbatov  was  a  prominent  investigator  in  the  field  of 
architecture  and  art,  and  was  a  great  expert  on  the  architecture  of  Leningrad  and  its  environs.  To  his  pen  belong 
the  widely  recognized  authoritative  monographs:  "Gardens  and  Parks"  (1916),  "St.  Petersburg" (1913),  "Pavlovsk" 
(1911),  "Guide  to  the  Suburbs  of  Leningrad"  (1924),  and  "Reshetki  of  Leningrad"  (1938).  He  was  also  the  author 
of  many  brochures  and  articles  on  art  and  architecture  [8]. 

Simultaneously  with  a  large  teaching  and  research  activity,  V.  Ya.  found  time  to  have  museums  built 
in  the  former  royal  courts  and  parks  found  in  the  suburbs  of  Leningrad  [Pushkin  (formerly  Tsarskoe  Selo), 

Petrodvorts  (formerly  Petergof),  Pavlovsk,  Lomonosov  (formerly  Oranienbaum)].  He  was  one  of  the  founders  of 
the  Leningrad  Museum  of  History  [9].  From  1918  to  1923  Kurbatov  headed  the  management  of  the  royal  court 
museums  and  parks  in  Leningrad. 

The  life  of  Vladimir  Yakovlevich  Kurbatov  is  a  shining  example  of  service  to  his  country, 

LITERATURE  CITED 

[1]  State  Historical  Archives  of  the  Leningrad  District,  Stock  14,  List  1,  No.  9521,  p.  1  (1900). 

[2]  Large  Soviet  Encyclopedia,  2nd  ed.,Vol.  24,  p.  81  (1954). 


3480 


[3]  State  Historical  Archives  of  the  Leningrad  District,  Stock  492,  List  2,  No.  16,  820,  pp.  22,  42,  and 
56  (1907). 

[4]  P.  N.  Ariyan,  First  Women's  Calendar  9,  425  (1907);  Supplement  of  Second  Petrograd  Polytechnic 
Institute,  Petrograd  (1923);  V.  Ya.  Kurbatov,  Nature  [USSR),  No.  3,  76  (1947). 

[5]  V.  L  Semishin,  Periodic  Law  of  D,  I.  Mendeleev  in  die  Studies  of  Russian  Scientists  (MIKhM  Press , 
1959),  p.  94.* 

[6]  A.  A.  Grinberg,  Supplement  "Twenty-Five  Years  of  Soviet  Chemistry"  (Izd.  AN  SSSR,  1944)  p.  20," 

[7]  V.  B.  Aleskovskii,  Supplement  "Concerning  Chemical  Kinetics,  Catalysis»and  Reactivity"  (Izd.  AN 
SSSR,  1955),  p.  572.* 

[8]  A.  P.  Ostroumova -Lebedeva,  Autobiographical  Sketches  ("Art"  Press,  1945),  Vol.  2,  pp.  38,  50,  52, 
67,  71,  82,  133;*( Academy  of  Artists  of  the  USSR  Press,  1951),  Vol.  3,  pp.  7,  16,  18,  22,  26,  108,  168,  181.* 

[9]  Architecture  and  Buildings  in  Leningrad,  No.  1  (14),  48  (1957). 


BIBLIOGRAPHY  OF  PRINCIPAL  SCIENTIFIC  PAPERS  OF  V.  Ya.  KURBATOV 


1.  Relation  between  the  latent  heat  of  vaporization  and  the  vapor  density.  J.  Russ.  Chem.  Soc.  W, 

250,  (1902). 

2.  Results  of  studying  the  heats  of  vaporization  of  aniline  at  reduced  pressures.  Ibid.,  p.  639. 

3.  The  Trouton  rule  and  other  constants,  observed  at  the  boiling  point.  Ibid.,  p.  641. 

4.  The  Schiff  rule  for  change  in  the  heat  capacity  of  organic  liquids  with  temperature.  Ibid.,  p.  640. 

5.  The  latent  heat  of  vaporization  and  the  heat  capacity  of  mercury.  Ibid.,  p.  659. 

6.  Study  of  the  heat  capacity  and  latent  heats  of  vaporization  of  aniline.  Ibid.,  p.  766. 

7.  The  heat  of  vaporization  of  mercury,  Z.  j^ysik.  Chem.  43,  104  (1903),*  " 

8.  The  heat  of  vaporization  of  mercury  and  the  Trouton  mle.  Compt.  rend,  de  la  congres  des 
naturalistes  du  Nord,  Helslnfors  (1903), *  * 

9.  Change  in  the  heat  capacity  of  organic  liquids  with  temperature.  J.  Russ.  Chem.  Soc.  35.  119  (190^. 

10.  The  latent  heats  of  vaporization  of  organic  liquids.  Ibid,,  Physical  Section,  p.  158. 

11.  Formula  for  converting  boiling  points  to  normal  pressure.  Ibid.,  p.  309. 

12.  The  Trouton  rule  and  other  constants,  observed  at  the  boiling  point.  Ibid.,  p.  319. 

13.  The  stmcture  of  hardened  steel.  J.  Russ.  Chem.  Soc.  1524  (1904). 

14.  Contribution  to  the  metallographic  study  of  hardened  steel.  Study  of  etching  reagents,"  "’Rev,  met, 
n,  178  (1905), 

15.  Contribution  to  the  metallographic  study  of  hardened  steel."  *  "Rev,  met.  IT,  178  (1905), 

16.  Concerning  the  structure  of  steel.  J.  Russ.  Chem.  Soc.  169  (1905). 

17.  The  critical  temperature.  J.  Russ.  Chem.  Soc.  ^  Physical  Section,  p.  81  (1906). 

18.  Conte mporary  status  of  photochemistry.  Ibid.,  p.  161. 

19.  Method  for  the  preparation  of  austenite.  J.  Russ.  Chem.  Soc.  ^  664  (1907). 

20.  Proper  temperatures  for  the  crystalline  state.  Ibid.,  p.  1139. 

21.  Change  in  the  Trouton  constants  with  temperature.  Ibid.,  p.  1140. 

22.  Theory  of  radiation.  Ibid.,  p.  1141. 

23.  Rule  of  Dulong  and  Petit.  Ibid.,  p.  1141. 


"  In  Russian, 

"  •  In  German, 
"  "  "  In  French, 


3481 


24.  Characteristics  of  die  metal  state  and  the  electroconductivity  of  iodine.  Ibid,,  p.  1141. 

25.  Heat  capacity  and  latent  heat  of  vaporization  of  acetic  anhydride.  Ibid.,  p.  1141. 

26.  Heat  capacity  of  sulfur.  Ibid.,  p.  1143. 

27.  Study  of  the  vaporization  of  amyl  ether.  Ibid.,  p.  1143. 

28.  Latent  heat  of  vaporization  of  p-toluidine.  Ibid.,  p.  1144. 

29.  Significance  of  the  atomistic  hypodiesis.  Ibid.,  p.  1181. 

30.  Addition  to  the  paper  "Significance  of  the  atomistic  hypodiesis*.  Ibid.,  p.  1216. 

31.  Change  in  the  heat  capacity  of  mercury.  Ibid.,  p.  1442. 

32.  Importance  of  the  theory  of  radiation  for  the  theory  of  structure.  Ibid.,  1443. 

33.  The  conception  of  "element".  Ibid,,  p.  1444, 

34.  Stiucture  of  the  sorblte-troostlte  components  of  steel.  Ibid.,  p.  1456, 

35.  Concerning  the  solid  state.  Ibid.,  p.  1406. 

36.  The  relationship  between  electric  and  heat  conductivity.  Ibid.,  p  1407. 

37.  Theories  of  metal  conductance.  Ibid.,  p.  1607, 

38.  D.  L  Mendeleev.  Technical  Bulletin  4,  103(1907). 

39.  Life  and  works  of  Mendeleev,  Physical  Review  [USSR]^,  1  (1907), 

40.  Concerning  the  heat  capacity  of  mercury.  J.  Russ.  Chem,  Soc.  811  (1908). 

41.  Concerning  Avogadro  —  Guldberg*srule,  Ibid.,  p,  813. 

42.  Concerning  the  ether.  Ibid.,  1468. 

43.  Latent  heat  of  vaporization  of  isoamyl  ether,  naphthalene.  Isobutyl  edier,  acetic  anhydridetand 
p-toluidine,  and  determination  of  the  association  of  liquids.  Ibid.,  1471. 

44.  Change  in  the  Trouton  constants  in  a  given  homologous  series.  Ibid.,  p  1493. 

45.  The  stracture  of  hardened  steel.  Memoirs  Russ.  Tech.  Soc.  ^  187,  (1908)  (jointly  with  M.  Matveev). 

46.  Molecules  formed  by  the  union  of  identical  groups.  Phenomenon  of  association.  St.  Petersburg,  (1908). 

47.  The  solid  state.*  J.  chim.  phys.  6,  337  (1908). 

48.  Concerning  the  structure  of  hardened  steel.*  *Metallurgie  ^  721,  (1908). 

49.  On  a  polymorphous  form  of  iodine.*  *Z.  anorg.  Chem.  56,  230,  (1908). 

50.  Concerning  the  structure  of  hardened  steel.  J.  Russ.  Chem.  Soc.  ^  1  (1909). 

51.  The  conception  of  "element".  Ibid.,  304. 

52.  The  heat  capacity  of  sulfur.  Ibid.,  p.  311. 

53.  Relation  between  molecular  weight  and  the  capillary  constants.  Ibid.,  p.  1722. 

54.  Concerning  the  association  of  liquids.  Ibid.,  p.  1818. 

55.  Concerning  the  association  of  liquids.  Ibid,,  p.  1422  (jointly  with  G.  Eliseev). 

56.  The  association  of  glycerin.  Ibid.,  p.  1426  (jointly  with  G.  Eliseev). 

57.  The  theory  of  metallic  conduction*.  *  Ion  Ij  306  (1909). 

58.  General  review  on  the  scientific  activity  of  D.  I.  Mendeleev.  Trans.  First  Mendeleev  Congress,  St. 
Petersburg,  p.  36  (1909). 

"In  French, 

•  *In  German, 

•  •  •  In  Engli^ 


3482 


59.  Latent  heat  of  vaporization,  heat  capacity  and  degree  of  association  of  methyl  mercaptan, 
ethylamine,  acetyl  chloride  and  ethylene  oxide.  J.  Russ.  Chem.  Soc.  ^  1296(1910). 

60.  Heat  capacity,  latent  heat  of  vaporization  and  degree  of  association  of  diethyl  malonate  and 
acetoacetic  ester.  J.  Russ.  Chem.  Soc.  ,43,  324  (1911). 

61.  On  the  association  of  liquids.  J.  Russ.  Chem.  Soc.  ^  467  (1912i), 

62.  On  calculating  the  surface  tension  of  liquids.  Ibid.,  p.  1003. 

63.  Latent  heat  of  vaporization,  heat  capacity  and  association  of  thiophene.  Ibid.,  p  1004. 

64.  On  the  association  of  liquids.  Ibid.,  p.  1004. 

65.  Heat  capacity  and  latent  heats  of  vaporization  of  benzene,  acetone,  alcohol,  and  azeotropic  mixture 
of  water  and  alcohol.  Ibid.,  p.  1005  (jointly  with  V.  Goncharov  and  D.  Volkov). 

66.  Heat  capacity  and  latent  heat  of  mercury.  Ibid.,  45,  659  (1913). 

67.  Latent  heat  of  vaporization  and  heat  capacity  of  bromoform,  anthracene,  ethyl  chloride,  ethyl 
bromide  and  ethylene  bromide.  Ibid.,  p.  660. 

68.  Heat  capacity  and  latent  heat  of  vaporization  of  diphenyl,  quinone,  chrysene,  bromonaphthalene  and 
phenol.  Ibid.,  p.  660. 

69.  The  Trouton  *-  Nernst  rule.  Ibid.,  p.  661. 

70.  Production  of  Wrought  Iron.  Monograph.  Bulletin  of  Bureau  on  Agricultural  Machinery  (Petrograd, 
1915),  p.  1. 

71.  The  Cementation  of  Steel.  Monograph.  Bulletin  of  Bureau  on  Agricultural  Machinery  (Petrograd, 
1915),  p.  1. 

72.  Concerning  cementation.  Ibid.,  p.  1  (1916). 

73.  Study  of  scythes  and  scythe  steels.  Ibid.,  p.  1  (1916). 

74.  Study  of  the  materials  in  plows  of  the  Sakk  type.  Ibid.,  p.  1  (1916). 

75.  Report  and  description  of  laboratory  studies  on  the  testing  of  materials.  Ibid.,  p.  1  (1916). 

76.  Possible  Techniques  for  Carbureting  Alcohol  (Press  of  the  Commission  on  Military  and  Technical 
Aid  to  United  Scientific  and  Industrial  Organizations,  Petrograd,  1916),  p.  1. 

77.  Relation  between  the  composition,  heat  capacity  and  inner  pressure  of  normal  and  atmormal  liquids. 

J.  Russ.  Chem.  Soc.  192  (1916). 

78.  The  Heat  Capacity  of  Liquids.  Monograph.  Bull.  Petrograd  Technol.  Inst.  24,  (1916). 

79.  Additional  data  on  the  relationship  between  the  heat  capacity  of  normal  liquids  and  the  temperature. 
J.  Russ.  Chem.  Soc.  163  (1916). 

80.  Data  for  the  heat  capacity  of  abnormal  liquids.  Ibid. 

81.  Autowelding  and  Different  Methods  for  the  Welding  of  Metals.  Monograph  (Scientific  Chem. -Tech. 
Press,  Petrograd,  1919). 

82.  Introduction  to  Chemistry  (Scientific  Chem. -Tech.  Press,  Petrograd,  1919). 

83.  Physical  Chemistry  (Petrograd  Technological  Institute  Lithograph  Press  1922). 

84.  Principles  of  Chemistry  (Scientific  Chem.-Tech.  Press,  Petrograd,  1923). 

85.  Physical  Chemistry  (Military-Economy  Academy  of  the  Workers*  and  Peasants'  Red  Army  Lithograph 
Press,  Petrograd,  1924). 

86.  Chemistry  of  Colloids  and  Gels  (Military-Economy  Academy  of  the  Workers'  and  Peasants'  Red  Army 
Lithograph  Press,  Petrograd,  1924). 


3483 


87.  Chemistry  of  Colloids  and  Gels  (Scientific  Chem.-Tech.  Press,  1925). 

88.  D.  I.  Mendeleev.  Survey  of  scientific  activity.  Chem.  Industry  [USSR]  1^,  No.  7,  11  (1925). 

89.  The  Law  of  D.  I.  Mendeleev.  Monograph  (Sci.  Chem.-Tech.  Press,  1925). 

90.  Introduction  to  a  Study  and  Practical  Exercises  in  Physical  Chemistry  ("Kubuch"  [Commission  for 
Improving  the  Living  Conditions  of  Students]  Press,  1926). 

91.  Science  and  the  Chemical  Industry.  Papers  Delivered  at  the  First  All-Union  Convention  on  Problems 
Relating  to  the  Chemical  Industry,  p.  1  (1926). 

92.  Scientific  Creativity  of  D.  I.  Mendeleev  (Bureau  of  Weights  and  Measures  Press,  1926). 

93.  Chemical  Analysis.  Technical  Encyclopedia,  Vol.  1,  p.  585  (1927). 

94.  Chapter  "Chemistry"  in  the  book  Ten  Years  of  Soviet  Science  (Gosizdat,  1927),  p.  189. 

95.  Properties  and  Structure  of  Liquids.  Monograph.  Bull.  Lensovet  Leningrad  Technological  Institute 

(1927). 

96.  Physicochemical  Theories  and  Their  Application  in  Industry.  Parti  (1927)  and  Part  2  (1929). 

97.  The  Nature  of  the  Association  of  Liquids.  Activation  and  Structure  of  Molecules ^Paris,  1928),  p. 

473. 

98.  Advances  in  Colloid  Chemistry  ("Worker  in  Education"  Press,  Leningrad,  1928). 

99.  Material  for  the  study  of  the  drying  process  of  glue.  J.  Chem.  Ind.  (Moscow)  7,  458  (1930)  (jointly 
with  M.  Kurylev). 

100.  Problems  of  the  Technology  of  Alloys  in  the  Next  Ten  Years  (Scientific  Chem.-Tech.  Press,  1929). 

101.  Contemporary  trends  of  world  chemical  thought.  Bulletin  of  the  Scientific  Commission  of  the 
Committee  on  Chemisation  of  the  Council  of  Soviet  Commissars  of  the  USSR  (1929). 

102.  Chemistry  through  four  centuries.  Supplement  of  Committee  on  Chemisation  (Scientific  Chem.-Tech. 
Press,  1929),  pp.  25—70. 

103.  Foreword  and  annotations  to  the  book  by  M.  Urben,  The  Chemical  Element  and  the  Atom 
(Scientific  Chem.-Tech.  Press,  1929),  pp.  1 — 9. 

104.  Science  — the  Foundation  of  the  Chemical  Industry  (Scientific  Chem.-Tech.  Press,  1929). 

105.  Concerning  scientific  research  studies  for  the  chemical  industry.  Chemistry  and  Economy  [USSR]  3, 

5  (1930). 

106.  The  plant  laboratory  and  the  development  of  new  ideas  and  processes  in  chemical  technology.  Ibid., 

p.  91. 

107.  Development  of  Colloidal  Chemistry  and  Method  of  Improving  the  Lacquer  Paint  Industry 
(Scientific  Chem.-Tech.  Press,  Leningrad,  1930). 

108.  Recent  Studies  in  the  Domain  of  Colloidal  and  Riysical  Chemistry  and  Their  Application  to  the 
Problems  of  Paper  Sizing.  Themes  of  Reports  (Scientific  Council  of  the  Lensovet  Chem.-Tech.  Inst.  Press, 
Leningrad,  1930),  p.  152. 

109.  Revision  and  additions  to  the  book  by  D.  A.  Vil’son  Chemistry  of  Leather  (Scientific  Chem.-Tech. 
Press,  Leningrad,  1930),  pp.  1-*  54. 

110.  Materials  relating  to  the  problem  of  seed  stimulation.  Trans.  Inst.  Applied  Botany,  Genetics  and 
Selection,  V.  L  Lenin  All-Union  Academy  of  Agricultural  Sciences  23,  155  (1930). 

111.  The  influence  of  inorganic  ions  on  the  properties  of  seedt  *Protoplasma  11,  34  (1930)  (jointly  with 
S.  Gluckmann). 

112.  Relation  between  the  heat  capacity  of  liquids  and  the  temperature.  Themes  of  papers  delivered  at 
5th  Mendeleev  Congress,  Leningrad,  1930, 

•  In  French, 

•  •  In  English, 


3484 


113.  Methodical  Course  in  Physical  Chemistry  (Lensovet  Leningrad  Chem.-Tech.  Inst.  Press,  1930). 

114.  Methodical  Course  on  the  Chemistry  of  Colloids  and  Gels.  Ibid.,  1930  . 

115.  Colloidal  chemistry  in  the  paper  industry.  Paper  Industry  [USSR]  Nos.  2  -  3,  6  (1930). 

116.  Chemical  Stability  of  Materials  and  Their  Protection  From  Corrosion.  Monograph  (Scientific  Chem. 
-Tech.  Press,  Leningrad,  1930). 

117.  Revision  and  additions  to  the  book  by  G.  Glasser,  Introduction  to  the  Science  of  Tanning,  and 
Colloid  Chemistry  in  the  Tanning  Industry  (Scientific  Chem.-Tech.  Inst.  Press,  Leningrad,  1931). 

118.  Concerning  the  theory  of  gelatinization.*  Koll.-Z.  55,  10  (1931). 

119.  D.  I.  Mendeleev.  Nature  [USSR]  2,  101  (1931). 

120.  D.  1.  Mendeleev  and  the  science  of  silicates  and  glass.  Ceramics  and  Glass  (USSR),  Nos,  5  -6,  2 
(1931). 

121.  Crystal -polyamphionic  theory  of  life  and  the  origin  of  life.  Communications  on  Scientific -Technical 
Studies  in  the  Republic  [in  Russian]  119  (1932). 

122.  Crystal -polyamphionic  theory  of  colloidal,  gelatinous  and  ionic  solutions.  Ibid.,  p.  120. 

123.  Speech  given  at  the  opening  of  the  Likvorologicheskoi  Laboratory.  Archives  Biological  Sciences 
[USSR]  32,  871  (1933). 

124.  The  ideal  equilibrium  and  the  possibility  of  approaching  it  experimentally.  Trans.  Conference  on 
Phys.-Chem.  Analysis,  p.  28  (1933). 

125.  Editor-in  chief  of  the  2nd  Edition  of  the  volume  "Papers  of  D.  L  Mendeleev"  (Goskhimtekhizdat, 
Leningrad,  1934). 

126.  Basic  conditions  for  the  sure  metallic  protection  of  metals.  Trans.  First  Conference  on  Corrosion  of 
Metals  (Izd.  An  SSSR,  1934),  p.  26. 

127.  Basic  conditions  for  reliable  nonmetallic  coatings.  Ibid.,  p.  30. 

128.  The  law  of  D.  I,  Mendeleev  and  principles  of  classification  in  chemistry.  Jubilee  Mendeleev  Congress 
(Goskhimtekhizdat,  1934). 

129.  Complete  theory  of  electrolytes  and  storage  battery  processes.  Supplement  of  Scientific  Research 
Studies  on  Chemical  Sources  of  Current  (Central  Laboratory  for  Storage  Batteries  Press,  193-15.  p.  5. 

130.  Influence  of  time  and  solution  composition  on  the  potential  of  nickel.  Trans.  Lensovet  Leningrad 
Chem.-Tech.  Inst.  5,  119  (1935)  (jointly  with  P.  Myshkovskii). 

131.  Vapor  pressure  of  nitrocellulose  solutions.  Plastic  Materials  [USSR]_^  1  (1935). 

132.  Processes  for  the  solution  of  cellulose  derivatives.  Supplement  "Plastic  Materials* 

(Khimteoretizdat,  1935).  pp.  3—76. 

133.  Effect  of  cations  on  electrode  potentials  of  alkali  amalgams.  Trans.  Lensovet  Leningrad  Chem.-Tech. 
Inst.  £,  60  (1935)  (jointly  with  V.  Alekseev). 

134.  Basic  processes  at  the  interface  metal— solution  and  electrode  potentials.  Supplement  of  Scientific 
Research  Studies  on  Chemical  Sources  of  Current  (Central  Laboratory  for  Storage  Batteries  Press,  1935),  2,  p.  ^ 

135.  On  the  solubility  of  colloid— gelatinous  precipitates.  Trans.  Lensovet  Leningrad  Chem.-Tech.  Inst.  3, 

1  (1936). 

136.  Editor-in-chief  of  the  3rd  Edition  of  the  volume  "Papers  of  D,  I.  Mendeleev"  (Khimteoretizdat, 
Leningrad,  1936). 

137.  Editor-in-chief  of  the  4th  Edition  of  the  volume  "Papers  of  D,  L  Mendeleev"  (Khimteoretizdat, 
Leningrad,  1937). 


•  In  German, 


3485 


138.  The  potentials  of  nickel  in  sulfate  solutions.  Trans.  Lensovet  Leningrad  Chem.-Tech.  Inst.  4,  108 
(1938)  (jointly  with  P.  Myshkovskii). 

139.  Complete  theory  of  electrolytes  and  storage  battery  processes.  Supplement  of  Scientific  Research 
Studies  on  Chemical  Sources  of  Current  (Central  Laboratory  for  Storage  Batteries  Press,  1938),  4»  p,  5, 

140.  Influence  of  electrolytes  on  the  gelation  of  cosolutions  with  aluminum  hydroxide.  Trans.  Lensovet 
Leningrad  Chem.-Tech.  Inst.  £,  119  (1940). 

141.  Diffusion  of  dyes  and  the  size  of  their  crystalline  polyions.  Ibid.,  p.  15  (jointly  with  T.  Renzina). 

142.  The  dependence  of  the  adsorption  of  dyes  by  wool  and  cotton  on  pH.  Ibid.,  p.  15  (jointly  with  A. 
Moiseev), 

143.  Half-gels.  Ibid.,  p.  113  (jointly  with  S.  Vol’fson). 

144.  Dependence  of  the  crystal  form  of  alums  on  the  solution  pH.  Ibid.,  p.  125  (jointly  with  A.  Moiseev). 

145.  Study  of  the  cosolution  of  fish  glue.  Ibid.,  p.  134  (jointly  with  E.  Mandel’shtamm  and  L  Rabinovich). 

146.  Polyionic-halistic  theory  of  electrolytes.  Themes  of  Papers  Delivered  at  the  Scientific -Technical 
Conference  of  Lensovet  Leningrad  Chem.-Tech.  Inst.,  p.  11  (1946). 

147.  The  state  of  water  in  electrolyte  solutions.  Ibid.,  p.  11. 

148.  Dependence  of  heat  properties  of  liquids  on  the  temperature.  Trans.  Lensovet  Leningrad  Tech.  Inst. 

13,  1  (1947). 

149.  Women’s  polytechnical  courses  and  the  first  women  engineers.  Nature  [USSR]  3,  76  (1947). 

150.  Heat  capacities  ofliqtrids.  I.  Heat  capacities  of  benzene  hydrocarbons.  J.  Gen.  Chem.  18,  1999  (1948)! 

151.  Heat  capacities  and  dependence  of  the  heat  capacities  of  halogen  derivatives  of  acyclic  hydrocarbons 
on  the  temperature.  J.  Gen.  Chem.  18,  972  (1948).  [USSR], 

152.  Editor-in-chief  of  the  15th  Edition  of  the  volume** Papers  of  D.  I.  Mendeleev"  (Izd.  AN  SSSR,  1949). 

153.  Heat  capacities  of  liquids.  The  heat  capacities  of  hydrocarbons  with  several  noncondensed  rings. 

J.  Gen.  Chem.  20,  1139  (1950).* 

154.  The  nature  of  crystals.  The  interatomic  linkage  of  halogen  compounds.  J.  Gen.  Chem.  2^  958  (1950).* 

155.  The  nature  of  crystals.  Interatomic  linkage  and  the  solubility  of  salts.  Ibid.,  p.  1333.* 

156.  The  nature  of  crystals.  The  interatomic  linkage  of  oxides  and  their  hydrates.  Ibid.,  p.  1543.* 

157.  The  nature  of  crystals.  The  interatomic  linkage  of  sulfur  compounds.  Ibid.,  1549." 

158.  The  nature  of  crystals.  The  interatomic  linkage  of  organic  crystals  and  the  mutual  solubility  of 

organic  substances.  Ibid.,  p.  1760. 

159.  Comparison  of  thermal  data  for  characterizing  the  liquid  state.  Themes  of  Papers  Delivered  at  the 
Scientific -Technical  Conference  of  the  Lensovet  Leningrad  Technical  Institute,  p.  17  (1950). 

160.  Intermolecular  cohesion  of  liquids.  Ibid.,  p.  20  (1951). 

161.  Rules  observed  for  latent  heats  of  fusion.  Ibid.,  p.  32. 

162.  Heat  capacity  of  crystals.  Ibid.,  p.  31. 

163.  Perfecting  the  formulas  of  D.  P.  Konovalov.  Paper  Delivered  at  the  Scientific -Technical  Conference 
of  the  Lensovet  Leningrad  Technical  Institute,  p.  14  (1952)  (jointly  with  N.  Lebedeva). 

164.  Unusual  cases  of  the  cocrystallization  of  corundum  and  a-copper  alloys.  Ibid.,  p.  17. 

165.  Editor's  note  and  revision  of  the  papers  "Specific  Volume"  and  "The  Periodic  Law"  in  the  25th 
Edition  of  the  volume  "Papers  of  D.  L  Mendeleev"  (Izd.  AN  SSSR,  1952). 

*  Original  Russian  pagination.  See  C.  B,  Translation. 


3486 


STUDY  OF  PECULIAR  CASES  OF  STRATIFICATION  OF  LIQUIDS 


I.  L.  Krupatkin 

Ivanov  Chemical -Technological  Institute 


One  of  the  more  important  rules  holding  in  any  liquid  of  a  ternary  system  showing  stratification,  is  the 
tenet  that, on  the  stratification  isotherm, the  conodes  and  median  line  represent  a  single  geometric  complex  at 
the  critical  point  of  isothermal  solution.  This  complex  is  associated  with  chemical  interaction  in  the  ternary 
system  and  is  located  in  its  composition  triangle  as  follows.  a)Thecritical  point  of  the  binodal  curve  is  shifted 
away  from  the  dominant  binary  system,  b)Theconodes  fan  out  toward  the  dominant  system  (at  times  this  holds 
for  only  a  portion  of  the  conode  [1]).  c)  The  median  line  is  deflected  by  a  certain  angle  away  from  the  domi¬ 
nant  system  [2]. 

Nevertheless,  investigation  of  the  ternary  system  AgNOs— NaBr— KCl  by  N.  S.  Dombrovskaya  and  E.  A. 
Alekseeva  [3]  revealed  that  in  it  the  entire  geometric  complex  described  above  is  turned  by  90*  from  its  normal 
position.  Analysis  of  this  astonishing  fact,  remaining  unexplained  in  the  literature,  leads  to  the  conviction  that 
similar  peculiar  cases  of  stratification  of  liquids  in  systems  are  associated  with  the  formation  of  compounds  that 
decompose  into  two  liquid  phases  when  melted.  A  total  of  only  several  binary  systems  in  which  the  indicated 
type  of  compounds  arises  is  described  in  the  literature.  Belonging  in  this  category  are,  for  example:  the  organic 
system  triphenylmethane— m-phenylenediamine  [4,5];  the  metallic  systems  Mg— Ni  [6],  K— Zn,  Na— Zn,  K— Pb, 
Al— Ca,  Cd— Ca,  Na— Fe,  Hg— 12[7];  the  salt  systems  KCl— AgNOj  [8],  NaBr— AgNOs  [9];  and  the  systems  con¬ 
taining  the  hydrates  of  the  gases:  SOj— H^O,  and  HBr— HjQ  [10].  The  mentioned  ternary  system,  containing  the 
same  type  of  compounds,  is  apparently  the  only  one  reported  in  the  literature. 

The  purpose  of  the  present  study  was  to  determine  the  reasons  for  the  formation  and  nature  of  the  described 
compounds,  and  also  the  manner  of  their  behavior  in  solutions  (i.e.,  in  ternary  systems),  leading  to  peculiar  cases 
of  stratification  of  liquids. 


EXPERIMENTAL 

To  study  the  discussed  problem  we  selected  the  ternary  system  chloral  hydrate— diethylamine— water. 

The  binary  systems  composing  it  are  characterized  by  the  following  data. 

The  system  chloral  hydrate— water  was  studied  by  both  the  fusion  [11]  and  the  viscosity  [12]  methods.  The 
fusion  curves  show  the  presence  of  a  compound  (melting  at  -1.4*)  that  is  composed  of  1  molecule  of  chloral  hy¬ 
drate  and  7  molecules  of  water.  The  viscosity  curves  for  the  system  chloral '-water  show,  even  at  50*,  only  chloral 
hydrate.  As  a  result,  the  heptahydrate  is  dissociated  in  the  liquid  phase  of  the  system  chloral  hydrate -water.  This 
is  the  reason  for  the  observation  that  stratification  occurs  when  a  chloral— water  system,  containing  40— 60%mole% 
chloral  Is  heated  to  175-190*  [13]. 

The  system  diethylamine— water  was  studied  by  the  stratification  method  [14].  The  stratification  curve 
has  a  lower  critical  point  (143.5*),  determined  by  the  dissociation  of  the  unstable  hydrates  of  diethylamine. 

The  system  chloral  hydrate— diethylamine  was  investigated  in  the  present  study  as  being  a  system  in  which 
a  compound  melting  with  stratification  is  formed.  It  was  assumed  that  the  interaction  of  the  components  in  this 
system  would  be  similar  to  the  behavior  exhibited  by  the  system  triphenylmethane— m-phenylenediamine,  in 
which  each  component  has  dual  and  opposite  functions  with  respect  to  the  other  component ;  on  t!'e  one  hand. 
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TABLE  1 


TABLE  2 


Equilibrium  of  Liquid  Phases 
in  tile  System  Chloral  Hydrate, 
Diethylamlne 


Compositions  of  the  Ternary  Mixtures,  Corresponding  to 
the  Points  on  the  Isotherm  (at  20*)  of  the  System 
Chloral  Hydrate— Diethylamlne— Water  (in  Wt,  % 


Chloral  hy¬ 
drate  (wt.  %) 

Stratification 

Left  portion  of  the  i 

isotherm 

1  Right  portion  of  the  isotherm 

temperature 

chloral 

diethyl- 

water 

chloral 

diethyl- 

water 

No  stratification 
at  15* 

20.0 

58.0 

66.0 

89  0 

hydrate 

amine 

hydrate 

amine 

58.50 

58  GO 

58.60 

41.40 

76.00 

24.00 

50.(K) 

GO  00 

.56.97 

41.87 

1.16 

75.46 

23.(K) 

1..54 

.54.90 

42.21 

2.89 

74.34 

21.75 

3.91 

G1  (K) 

51.69 

42.57 

.5.74 

73.26 

18.60 

8.14 

GO  00 

105  0 

46.24 

42.20 

1 1.56 

68.80 

14.00 

17.20 

(>5  01  > 

112  0 

40.77 

41.76 

17.47 

60.90 

13.00 

26.10 

G7.00 
(>*)  Ol ) 

113.0 

110  0 

35.40 

41.00 

2:3.60 

53.24 

11.27 

;3.5.49 

30.00 

40.00 

30.00 

45.08 

9.83 

45.09 

71  <)0 

92  0 

24.00 

40.')0 

36.00 

36.60 

8.51 

.54.89 

73  00 

74  5 

18..54 

38.19 

43.27 

27.64 

7.86 

64..50 

75  00 

48  0 

12.88 

.35.61 

51.51 

18.80 

6.00 

75.20 

7G  0() 

25  0 

6.91 

30.90 

62.19 

9.50 

5.03 

85.47 

7G.r)0 

1 

No  stratification 

3.72 

25.57 

70.71 

4.79 

4.13 

91.08 

at  15* 

2.42 

19.16 

78.42 

2.86 

4..54 

92.60 

they  combine  with  each  other  (triphenyl  me  thane  is  very  suscepti¬ 
ble  to  adding  different  compounds  [15],  including  certain  aromatic 
amines  [16]),  and  on  the  other  hand,  many  mixtures  of  hydrocarbons 
with  amines  are  inclined  to  stratify  (this  property  is  used  in  practice 
to  determine  the  aniline  points  of  benzines  [17];  in  particular,  mix¬ 
tures  of  trlphenyl methane  with  ammonia  show  stratification  [18]). 

In  view  of  the  above  mentioned  properties,  triphenylmetiiane  and 
m-phenylenedlamlne  react  with  eadi  other  to  form  a  compound  that 
decomposes  into  two  liquid  phases  when  melted.  The  components 
of  the  system  chloral  hydrate— diethylamlne  have  analogous 
properties.  On  the  one  hand,  chloral  hydrate  has  the  function  of  a 
halo  derivative  of  the  hydrocarbon;  this  function  weakens  its  inter¬ 
action  with  diethylamlne  and  leads  to  their  stratification,  which 
is  also  known  for  several  other  hydrocarbons  and  amines:  for  ex¬ 
ample,  methyl  iodide  and  pyridine  behave  in  such  manner  [19]. 

On  the  other  hand,  chloral  hydrate  has  the  properties  of  an  aldehyde 
and  a  definite  acidic  function;  it  adds  ammonia  [20]  and  certain 
amines  [21,  22].  The  above*  therefore,  made  It  possible  to  postu¬ 
late  that  the  reaction  of  chloral  hydrate  with  diethylamlne  would 
result  in  the  formation  of  a  compound  melting  with  stratification. 

For  the  study  we  took  the  following  reagents:  pharmaceuti¬ 
cal  grade  chloral  hydrate,  m.p.  48.0*,  as  dry  colorless  crystals; 
diethylamlne,  dried  and  freshly  distilled,  taking  the  fraction  with  b.p.  55.5*.  The  reaction  of  chloral  hydrate  with 
diethylamlne  is  strongly  exothermic,  and  for  this  reason  their  mixing  was  done  under  cooling.  The  visual-poly- 
thermal  method  of  V.  L  Alekseev  [23]  was  used  to  study  stratification,  using  sealed  glass  ampules  and  a  glycerin 
thermostat.  Crystallization  in  the  system  was  not  studied  due  to  the  high  degree  of  supercooling.  The  numerical 
data  obtained  are  given  in  Table  1,  while  the  stratification  polytherm  is  shown  in  Fig.  1. 

As  Fig.  1  shows,  the  stratification  curve  consists  of  two  branches,  both  rising  very  sharply  with  increase  in 
the  temperature  and  merging  in  the  upper  critical  point  K  at  113.5*,  corresponding  to  67.00%  chloral  hydrate. 

(The  chloral  hydrate  specimen,  obtained  as  coarse  crystals  with  a  light  brown  tinge,  has  nearly  the  same  melting 
point  as  the  pure  product,  but  forms  a  critical  point  at  93*,  i.e.,  some  20*  lower).  On  each  branch  of  the  binodal 
curve,  increasing  the  temperature  by  90*  increases  the  mutual  solubility  of  the  liquid  phases  by  a  total  of  6% 


Fig.  1.  Equilibrium  of  liquid  phases  in 
system  chloral  hydrate— diethylamlne. 
K  is  the  critical  point.  Explanation  in 
text. 
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Water 


Fig.  2.  Solubility  isotherm  at  20*  for  the  tenary  system 
chloral  hydrate— diethylamine— water.  K  is  the  critical 
point  of  isothermal  solution,  and  AK  is  the  median 
line.  Explanation  in  text. 


The  lower  portions  of  the  branches  are  found  in 
the  region  of  metastable  stratification.  The  binodal 
curve  defines  a  very  narrow  and  tall  region  of  strati¬ 
fication,  almost  in  the  middle  of  which  is  located 
the  ordinate,  belonging  to  the  composition  where 
the  molecular  ratio  of  the  components  is  1:1  (69.34% 
chloral  hydrate).  The  critical  point  K  is  shifted  from 
the  ordinate  toward  the  lower  melting  component 
(diethylamine)  by  2.34%(a  similar  shift  and  in  the 
same  direction  also  occurs  in  the  system  triphenyl- 
methane— m-phenylenediamine).  As  a  result,  the 
indicated  thermochemical  data  and  the  described 
properties  of  the  stratification  region  show  that  a 
compound  having  a  1:1  molecular  ratio  of  the  com¬ 
ponents,  and  melting  with  the  formation  of  two  li¬ 
quid  phases,  is  formed  in  the  system  chloral  hydrate  — 
diethylamine.  The  behavior  of  this  system  in  the 
ternary  system  with  water  (see  below)  confirms  this 
fact.  The  obtained  compound  contains  7.56% of 
chemically  bound  water. 

As  will  be  seen  below,  hydration  of  this  com¬ 
pound  stabilizes  it  in  the  liquid  phase.  This  circum¬ 
stance,  determined  in  preliminary  experiments,  was 
the  reason  for  selecting  water  as  the  third  component 
in  studying  a  ternary  system. 


The  ternary  system  chloral  hydrate— diethylamine— water  was 
examined  for  stratification  by  isothermal  titration  at  20*  (double -dis¬ 
tilled  water  was  taken).  For  this  purpose  we  studied  13  sections,  pro¬ 
ceeding  from  the  diethylamine  corner  along  the  side  of  the  binary 
system  chloral  hydrate— water,  containing  respectively  2,  5,  10,  20,  30, 
40,  50,  60,  70,  80,  90,  95  and  97% of  water.  The  section  containing 
97.5%  water  failed  to  show  stratification.  The  compositions  of  the 
mixtures  corresponding  to  the  points  on  the  isotherm  are  given  in 
Table  2;  the  stratification  isotherm  is  ploned  in  Fig.  2. 

As  Fig.  2  shows,  the  stratification  isotherm  bounds  a  narrow  re¬ 
gion  of  liquid-phase  equilibria,  situated  along  the  quasi -binary  section 
of  the  compound  with  a  1:1  composition.  Only  when  the  mixtures  con¬ 
tain  more  than  85%  water  does  the  stratification  region  deviate  slight¬ 
ly  from  the  quasi-binary  section  toward  the  side  of  the  system  water— 
diethylamine.  As  has  been  mentioned,  the  binodal  system  chloral 
hydrate— diethylamine  is  shifted  toward  the  side  of  the  latter.  These 
two  phenomena  are  related,in  that  the  deviation  of  the  isotherm  is  ex¬ 
plained  by  the  influence  exerted  by  the  binary  system  on  the  character 
of  the  ternary  system.  The  stratification  region  begins  from  the  break 
in  the  solubility  of  the  binary  system  chloral  hydrate— diethylamine,  extends  through  the  entire  composition  tri¬ 
angle,  and  ends  near  the  water  corner.  As  a  result,  water  exerts  a  very  weak  homogenizing  effect  on  stratification 
in  the  system  chloral  hydrate— diethylamine.  Consequently,  water  takes  very  little  part  in  the  dissociation  of  the 
compound  of  the  given  binary  system.  To  the  contrary,  hydration  of  this  compound  stabilizes  it  in  the  liquid  phase. 
Near  the  side  of  the  system  chloral  hydrate— diethylamine  the  mutual  solubility  of  the  liquid  phases  increases,  as 
a  result  of  which  the  portions  of  the  isotherm  lying  on  both  sides  of  the  quasi -binary  section  come  somewhat 
closer  to  each  other. 

The  conodes  for  the  stratification  isotherm,  studied  at  20*,  were  determined  by  the  isothermal  method,  em¬ 
ploying  the  technique  of  homogenizing  the  mixtures  corresponding  to  the  points  on  the  isotherm  by  dilution  with 


Fig.  3.  Graph  for  determining  the 
conodes  (homogenization  curve). 
Explanation  in  text. 
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TABLE  3 


TABLE  4 


Compositions  of  Mixtures  for  Compositions  of  Coexisting  Phases  at  20*  in  the  Ternary 

Determination  of  Conodes  S  ystem  Chloral  Hydrate— Diethylamine— Water  (in  Wt.  %) 


(Homogenization  Curve) 


Diethyl  con¬ 
sumed  for 

Amount  of  diethyl- 
amine  in  the  layer 
(in  wt.  %) 

homogeni- 

upper 

lower 

zation  (in 
Wl.  %) 

layer 

layer 

6.42 

25.57 

9.97 

31.40 

— 

12.55 

35.61 

— 

16.00 

— 

39.50 

16.84 

— 

40.00 

18.51 

— 

40.83 

19.73 

— 

41.67 

21.18 

— 

41.68 

22.30 

— 

40.00 

2,5.91 

— 

33.00 

29.40 

— 

26.00 

31.47 

— 

21.70 

32.68 

— 

18.66 

.13.80 

— 

14.(K) 

;V4.19 

12.74 

Unper  layer 

Lower  layer 

chloral 

hydrate 

diethyl¬ 

amine 

water 

chloral 

hydrate 

diethyl 

stmfne 

water 

9.00 

33.50 

57..50 

41...U 

41. .50 

17.00 

7.00 

30.00 

63.00 

5.5.00 

42.00 

3.00 

5.50 

2{).00 

65..50 

63.30 

36.70 

— 

4.50 

27.00 

68..50 

66.50 

33.50 

— 

3.50 

24.50 

72.00 

71.00 

29.(X) 

— 

22.00 

7.5..50 

73.00 

27.00 

— 

2.30 

21.00 

76.70 

75..50 

24..50 

— 

2.00 

17..50 

80..50 

7.5.00 

22.00 

3.00 

2.00 

11. .50 

86.50 

74.70 

21.00 

4..30 

2.00 

7.00 

91.00 

73.50 

19.00 

7.50 

3..50 

4.50 

92.00 

71.00 

16.00 

i3.(X) 

one  of  the  components  [24].  In  preparation  for  this  we  first  de¬ 
termined  the  relationship  between  the  amount  of  diethylamine 
in  homogeneous  mixtures  corresponding  to  the  binodal  points, 
and  the  amount  of  diethylamine  consumed  for  homogenization 
of  the  starting  mixtures,  diluted  in  half  (i.e. ,  made  heterogeneous) 


with  water.  The  obtained  numerical  data  are  given  in  Table  3, 
while  the  indicated  relationship  is  plotted  in  Fig.  3.  For  some  of  the  mixtures,  the  figurative  points  of  which  are 


located  on  tht  isotherm  to  the  right  of  the  quasi-binary  section  and  close  to  the  water  corner,  such  a  relationship 


could  not  be  determined,  since  they  became  homogeneous  when  diluted  in  half  with  water.  If  the  ability  of  doubly 
diluted  compositions  on  the  isotherm  to  homogenize  is  considered  a  property,  then  the  curve  in  Fig,  3  is  a  property 
curve,  since  it  expresses  the  relationship  between  a  property  of  mixtures  and  the  amount  of  one  of  the  components 


in  them. 


On  the  basis  of  the  obtained  relationship  we  found  11  conodes,  distributed  uniformly  throughout  the  entire 
stratification  region.  For  this  we  prepared  a  number  of  heterogeneous  mixtures,  containing  40‘](j  water  and  respec¬ 
tively  23,  25,  28,  30,  33,  35,  37,  40,  43,  46,and  48%  chloral  hydrate;  from  these  mixtures  we  removed  samples 
of  the  investigated  layer,  diluted  the  sample  with  an  equal  amount  of  water,  and  then  homogenized  with  diethy¬ 
lamine.  From  the  amount  of  diethylamine  consumed  for  homogenization,  using  the  curve  for  the  given  layer  in 
Fig.  3,  we  determined  the  composition  of  one  of  the  layers.  The  composition  of  the  second  layer  was  found  gra¬ 
phically  by  the  point  of  intersection  of  the  binodal  with  the  extension  of  the  straight  line,  connecting  the  obtained 
composition  with  that  of  the  original  heterogeneous  mixture.  The  compositions  of  the  coexisting  phases  are  given 
in  Table  4,  while  the  conodes  are  plotted  on  the  isotherm  in  Fig.  2.  As  Fig.  2  shows,  most  of  the  conodes  fan  out 
toward  the  side  of  the  binary  system  chloral  hydrate— diethylamine.  Nevertheless,  a  portion  of  the  conodes, 
corresponding  to  the  original  heterogeneous  mixtures,  and  found  to  the  right  of  the  quasi -binary  section,  show  an 
opi>osite  arrangement. 


Flgure2  shows  that  the  conodes  In  our  system  are  located  perpendicular  to  their  normal  position,  exactly  the 
same  as  in  the  system  AgN03— NaBr— KCl.  The  fact  that  a  similar  result  was  obtained  by  different  authors,  at 
different  times,  on  different  specimens,  is  additional  Indirect  proof  that  systems  with  the  described  arrangement 
of  the  conodes  exist.  Only  the  difficulty  of  explaining  these  systems  remains,  which  will  be  discussed  below.  The 
presence  of  solutropism  in  the  system  chloral  hydrate— diethylamine— water  is  also  evidence  that  the  arrangement 
of  the  conodes  shown  in  Fig,  2  is  valid. 

To  determine  the  composition  of  the  critical  point  of  isothermal  solution  from  the  property  curve  we  used 
the  method  of  V.  F,  Alekseev  [1,  25],  modified  by  using  the  ability  of  mixtures  to  homogenize  as  the  property. 

For  this  the  compositions  of  the  coexisting  phases  were  plotted  on  the  property  curve  (Fig.  3)  and  connected  by 
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Fig.  4.  Scheme  for  the  formation  of  peculiar  cases  of  stratification  of  liquids  of  ternary 
systems.  K  is  critical  point,  V  is  compound,  and  e,  d  is  conode.  Explanation  in  text. 


straight  lines.  The  medians  of  these  lines  lie  on  the  straight  line  mK,  intersecting  die  property  curve  at  critical 
point  K.  This  method  does  not  require  additional  measurement  of  the  homogenization  property,  since  it  is  deter¬ 
mined  in  the  process  of  finding  the  stratification  isotherm.  On  the  other  hand,  it  has  the  disadvantage  that  homo¬ 
genization  cannot  be  determined  for  all  of  the  points  on  the  isotherm,  since  some  mixtures  suffer  homogenization 
even  when  diluted.  It  is  specifically  for  this  reason  that  the  critical  point  K  was  determined  only  for  that  portion 
of  the  binodal  that  lies  to  the  left  of  the  quasi-binary  section  (Fig.  2).  The  position  of  the  critical  point  on  the 
binodal  was  verified  by  drawing  the  conode  median  line  AK  (Fig.  2).  It  is  interesting  that  the  median  line  repeats 
the  shape  of  the  imaginary  portion  of  the  isotherm  (shown  by  the  broken  line),  and  not  the  linear  pcvtion  of  the 
isotherm,  lying  on  the  side  of  the  binary  system  chloral  hydrate— diethylamine.  Both  the  median  line  and  the 
critical  point  deviate  away  from  the  latter. 

The  above  described  arrangement  of  the  conodes,  the  position  of  the  critical  point,  and  the  deflection  of 
the  median  line,  all  establish  the  Important  fact  that  the  binary  system  chloral  hydrate— diethylamine  is  dominant 
in  the  ternary  system  chloral  hydrate— diethylamine— water.  At  the  same  time,  it  was  experimentally  shown  for 
the  first  time  that  binary  systems  exhibiting  both  the  formation  of  chemical  compounds  and  stratification,  in 
which  the  compositions  of  the  compounds  lie  within  the  concentration  Intervals  of  the  solubility  breaks,  can  be 
the  dominant  systems  at  stratification  temperatures. 

This  astonishing  fact  can  be  explained  and  demonstrated  theoretically  in  the  following  manner.  In  a  ternary 
system  the  general  shape  of  the  equilibrium  isotherm  for  two  liquid  phases  is  a  closed  curve  (Fig.  4a,  Curve  K^Kim). 
The  latter,  depending  on  the  nature  of  the  components  in  the  system,  on  the  manner  in  which  they  and  their  mix¬ 
tures  interact,  and  also  on  external  factors  (for  example,  temperature),  can  occi^y  a  variable  position  in  the  con¬ 
centration  triangle  of  the  ternary  system.  Up  to  now,  ternary  systems  with  the  following  positions  of  the  stratifi¬ 
cation  isotherm  were  studied. 

1)  The  stratification  isotherm  did  not  reach  the  sides  of  the  binary  systems  (Fig.  4b,  Curve  KjK^m). 
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2)  The  stratification  isotherm  reached  the  sides  (of  either  one  or  both)  of  the  binary  systems,  leaving  the 
dominant  system  homogeneous  (Figs.  4a  and  4b,  Curves  1K2  and  1,  2,  3,  4).  • 

3)  The  stratification  isotherm  reached  the  sides  of  the  dominant  system  (or  of  still  another  system),  leaving 
homogeneous  the  concentration  interval  in  which  a  compound  is  formed  in  it. 

This  last  case  exists  in  a  number  of  silicate -containing  ternary  systems  [26]  (for  example,  FeS— FeO— SIO2 
[27],  containing  binary  systems  in  which  a  compound  is  formed  in  one  concentration  interval,  and  a  region  of 
stratification  in  another.  In  principle,  such  systems  do  not  introduce  anything  new  into  the  types  of  system-s  shown 
in  Figs.  4a  and  4b:  their  triangulation  leads  to  the  depicted  types  of  ternary  systems;  in  them,  the  same  as  in 
systems  with  three  liquid  phases,  the  geometric  complex,  conodes— critical  point— median  line,  shows  the  normal 
location,  the  same  as  in  the  systems  shown  in  Figs.  4a  and  4b. 

However,  under  no  condition  do  the  indicated  cases  limit  the  position  of  the  stratification  isotherm.  The 
stratification  isotherm  can  also  be  located  as  is  shown  in  Figs.  4c  and  4d,  where  A— B  is  the  dominant  system. 
Ternary  systems  of  the  last  two  types  are  possible  in  those  cases  where  a  compound  which  melts,  forming 
two  liquid  phases,  is  formed  in  the  dominant  system  (Fig.  4c),  or  where  such  a  compound  is  also  formed  in  one  of 
the  other  systems  (Fig.  4d).  The  first  of  these  two  types  of  systems  exists  in  the  present  study,  while  the  second 
type  exists  in  the  system  AgN03— NaBr— KCl  [3].  In  the  latter  ternary  system,  the  exchange  products  formed  in 
the  binary  systems  containing  AgN03  melt  with  stratification.  The  location  of  the  conodes  permits  asserting 
that,in  the  liquid  staterfhe  system  AgN03— KCl  is  the  dominant  one. 

Ternary  systems  of  the  discussed  type  create  the  impression  that  three-phase  liquid  equilibria  should  arise  in 
them.  However,  in  the  systems  AgN03— NaBr— KCl  and  chloral  hydrate— diethylamine— water  the  equilibrium  of 
only  two  liquid  phaseswas  observed  at  the  investigation  temperatures.  In  the  last  system  a  three-phase  liquid  equi¬ 
librium  does  not  arise  even  if  the  temperature  is  increased  or  lowered  somewhat,  although  it  is  possible  for  three 
liquid  phases  in  equilibrium  to  be  formed  in  such  systems  with  large  changes  in  temperature. 

A  two- phase  liquid  equilibrium  arises  in  the  described  systems  as  the  result  of  isothermal  processes,  some¬ 
what  analogous  to  the  described  case,  lying  intermediate  between  the  four- phase  eutectic  and  the  four-phase 
peritectic  equilibria  in  ternary  systems  [28],  This  analogy  is  based  on  the  fact  that  compounds,  melting  with 
stratification,  behave  in  a  dual  manner  in  ternary  systems:  as  compounds  melting  congruently  and  as  compounds 
melting  incongruently.  In  connection  with  this  it  is  possible  to  offer  two  explanations,  not  excluding  other  ex¬ 
planations,  for  the  formation  of  a  two- phase  liquid  equilibrium  in  the  studied  ternary  systems. 

1.  In  a  ternary  system  A— B— C  (Fig.  4c),  corresponding  to  the  one  investigated  in  the  present  study,  above 
the  synthetic  temperature  (or  in  the  metastable  state),  the  reversible  isothermal  reaction  e  5=ta  +  b  takes  place 
between  three  liquid  compositions  on  line  a,e,b,The  direction  of  this  reaction  depends  on  the  presence  or  the  ab¬ 
sence  of  comoonent  C,  and  consequently,  also  on  the  presence  or  the  absence  of  liquid  phase  which  is  formed 
with  the  involvement  of  C.  If  phase  d  is  absent,  the  reaction  goes  to  the  right,  liquid  e  disappears,  and  the  two- 
phase  equilibrium  a  5*b  arises.  If  phase  ^is  present,  the  reaction  goes  to  the  left,  and  both  liquids  a^and  ^dis¬ 
appear.  Phase  e  is  formed  here,  which  corresponds  to  the  equilibrium  phase  d,  and  the  two-phase  equilibrium 
e^d  arises onconodee,d.  Phase  e  is  formed  in  the  first  process  in  view  of  its  combining  in  the  second  process. 

2.  For  the  second  explanation  it  is  necessary  to  assume  that  the  line  a,b(Fib  4c)  represents  a  degenerate 
triangle  of  the  three-phase  liquid  equilibrium.  This  assumption  is  based  on  the  possibility  of  a  ^ee -phase  liquid 
state  existing  in  the  described  systems.  Then,  making  use  of  the  described  analogy  of  the  given  systems  with  the 
Intermediate  case  lying  between  four-phase  eutectic  and  four-phase  peritectic  equilibria  [28],  we  have  the  rever¬ 
sible  isothermal  reaction  a  +  b  d  between  four  liquid  solutions  in  the  triangle  a, e,b,d.  Its  direction  depends  on 
the  addition  or  removal  of  component  C,  the  involvement  of  which  results  in  the  formaticm  of  liquid  phase  d  If 
component  C  is  added,  the  equilibrium  shifts  to  the  right,  solutions  a  and  b  disappear,  and  the  two-phase  equili¬ 
brium  e  5£:d  arises.  If  comoonent  C  is  removed,  the  equilibrium  shifts  to  the  left,  solutions  e  and  d  disappear,  and 
the  two-phase  equilibrium  a  ^b  is  formed. 

In  a  similar  manner,  it  is  possible  to  explain  the  creation  of  a  two -phase  liquid  equilibrium  in  the  system 
AgNOs— NaBr— KCl,  corresponding  to  the  type  depicted  in  Fig.  4d. 

•An  exception  are  the  systems  with  three  liquid  phases  in  equilibrium,  which  are  not  discussed  in  the  present  study. 
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A  study  of  similar  systems  (and  of  compounds  melting  with  stratification)  is  of  great  interest,  and  the  pre¬ 
sent  paper  is  only  a  start,  for  which  reason  investigations  along  this  line  are  being  continued. 

SUMMARY 

1.  Stratification  in  the  binary  system  chloral  hydrate— dlethylamine  was  studied.  In  this  system  a  chemi¬ 
cal  compound  with  a  1: 1  molecular  ratio  of  the  components  is  formed,  which  melts  with  the  formation  of  two  li¬ 
quid  phases.  The  reasons  for  the  formation  of  such  compounds,  and  the  properties  required  by  the  components  to 
cause  their  interaction  with  the  formation  of  such  compounds,  were  determined. 

2.  Stratification  in  the  ternary  system  chloral  hydrate— dlethylamine— water  was  studied  at  20*.  This  system 
was  found  to  exhibit  a  region  of  a  two-phase  liquid  equilibrium,  beginning  from  the  solubility  break  in  the  binary 
system  chloral  hydrate— dlethylamine,  and  situated  along  die  quasi-binary  section;  this  region  becomes  homo¬ 
geneous  near  the  water  apex. 

3.  The  conodes  and  one  of  the  two  critical  points  were  determined  for  the  stratification  isotherm.  The  co¬ 
nodes  fan  out  toward  the  side  of  the  system  chloral  hydrate— dlethylamine,  while  the  critical  point  and  the  median 
line  are  deflected  away  from  this  system. 

4.  From  the  location  of  the  conodes,  critical  point, and  median  line  it  was  shown  that  in  the  ternary  system 
chloral  hydrate— diethylamine—water  the  binary  system  chloral  hydrate— dlethylamine  is  the  dominant  one.  At 
the  same  time,  it  was  experimentally  shown  for  the  first  time  that  binary  systems  in  which  the  compositions  of  the 
compounds  formed  in  them  lie  within  the  concentration  intervals  of  the  breaks  in  die  solubility,  can  be  the  domi¬ 
nant  systems  at  the  stratification  temperatures. 

5.  A  scheme  was  given  for  the  formation  of  ternary  liquid  systems  containing  dominant  systems  in  which 
compounds  melting  with  stratification  are  formed.  This  new  type  of  ternary  systems  was  studied  experimentally. 

For  such  ternary  systems  a  theoretical  explanation  was  given  for  the  creation  of  a  two-phase  liquid  equilibrium. 
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PHYSICOCHEMICAL  STUDY  OF  THE  SYSTEM  H  YD  RA  Z  IN  E  -  PH  ENOL 
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Up  to  now  the  intermolecular  hydrogen  bond  was  studied  as  a  bond  between  like  molecules  and  hardly  any 
study  was  devoted  to  compounds  having  the  hydrogen  bond  between  unlike  molecules.  At  the  same  time,  a  study 
of  comoounds  having  the  hydrogen  bond  between  unlike  molecules  possesses  great  importance  for  formulating  and 
expanding  the  concepts  of  the  hydrogen  bond.  Compounds  with  hydrogen  bonding  between  unlike  molecules  can 
be  shown  via  the  method  of  physicochemical  analysis,  whidi  makes  it  possible  to  establish  the  presence  of  the 
comoounds  without  isolating  them  in  the  free  state,  both  at  the  boundary  of  two  phases,  and  in  the  homogeneous 
molten  state. 

In  this  paper  we  present  the  experimental  data  obtained  in  making  a  physicochemical  study  of  the  system 
hydrazine— phenol,  in  which  a  compound  exhibiting  the  intermolecular  type  of  hydrogen  bonding  is  formed.  It 
was  interesting  to  trace  the  manner  in  which  die  indicated  compound  plots  on  the  composition— property  diagram. 

Our  investigation  was  made  using  the  physicochemical  methods  of  thermal  analysis,  density,  viscosity,  sur¬ 
face  tension.and  specific  electroconductance. 


EXPERIMENTAL  • 

Hydrazine  was  obtained  by  the  dehydration  of  the  mondiydrate  in  a  nitrogen  stream  [  1],  and  was  purified  by 
3-fold  distillation.  The  phenol  was  also  purified  by  3-fold  distillation.  After  purification,  both  the  hydrazine  and 
the  phenol  had  constants  that  were  in  good  agreement  with  the  literature  data. 

The  visual -polytherm al  method  was  used  to  determine  the  crystallization  temperatures.  For  each  solution, 
the  melting  point  of  the  first  crystals  when  cooling  and  the  disappearance  of  the  last  crystals  when  heating  were 
determined,  until  the  difference  between  the  indicated  temperatures  was  less  than  one  degree. 

The  homogeneous  phase  was  studied  at  65,  75,  and  8?.  The  viscosity  was  determined  using  an  Ostwald 
viscosimeter,  and  was  expressed  in  centipoises.  The  electroconductance  was  measured  by  the  Kohlrausch  method 
in  a  closed  vessel  fitted  with  smooth  platinum  electrodes,  and  was  expressed  in  ohm"^  •  cm~^  .  An  audio-frequency 
lamp  generator  equipped  with  amplifier  served  as  the  source  of  current.  The  surface  tension  (dynes/ cm)  was  in¬ 
vestigated  by  the  method  of  the  highest  pressure  of  a  gas  (air)  bubble  [2].  The  vessel  used  in  the  investigations 
was  of  the  closed  type.  Mercury  was  used  as  the  sealant  between  the  cover  having  the  capillary  tip,  and  the 
vessel.  A  screw  arrangement  was  used  to  lower  the  capillary  tip.  The  pressure  was  read  on  a  toluene  manometer. 
The  hydrostatic  suspension  method  was  used  to  determine  the  density.  Platinum  served  as  the  suspended  material. 

The  data  obtained  in  studying  the  fusion  are  given  in  Table  1  and  plotted  in  Fig.  1.  It  was  established  that 
the  system  contains  a  compound  with  the  composition  N2H4.  •2C^50H,  which  is  characterized  by  having  a  higher 
melting  point  than  either  of  the  pure  components.  The  first  eutectic  point  corresponds  to  12  mole  %  CjHsOH  and 
a  temperature  of  -18*,  and  the  second  corresponds  to  90  mole  ^CjHsOH  and  a  temperature  of  +2?. 

The  results  of  determining  the  density  are  given  in  Table  2  and  plotted  in  Fig.  1.  The  density  isotherms  re¬ 
present  curves  with  a  maximum.  The  maximum  is  found  at  a  component  ratio  of  1 :  2,  which  corresponds  to  the 
formula  NjH**  2CjH5  OH. 

♦E.  O.  Vitman  took  part  in  the  experimental  portion  of  this  study. 
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Fig.  1.  Fusion  diagram  and 
density  (d)  of  the  system 
hydraz  ine  -  phenol . 


Fig.  2.  Surface  tension  (o)  and 
viscosity  (?j)  in  the  system  hy 
drazine- phenol. 


it 


Fig.  3.  Specific  electroconductance 
(k  ),  corrected  electroconductance 
(ij  K ),  and  temperature  coefficients 
of  electroccMiductance  (o)  and  visco¬ 
sity  (0)  in  the  system  hydrazine— phe¬ 
nol. 


TABLE  1 

Fusion  in  the  System  Hydrazine- Phenol 


Amount  of 
phenol  in 
mixture 

^moIe  '^o) 

Melting 

point 

Amount  of 
phenol  in 
mixture^ 

Melting 

point 

10.0 

—  6.0° 

50.0 

+49.0° 

14.9 

—10.0 

6;).o 

60.0 

2).0 

—16.0 

7).0 

61.5 

24.9 

—  15.0 

80.0 

50.5 

30.0 

-f  0.0 

90.0 

29.0 

40.0 

+32.0 

95.0 

34.0 

The  surface  tension  curves  (Table  2,  Fig,  2)  have  an 
S-like  shape,  and  drop  quite  sharply  in  going  from  hydra¬ 
zine  to  phenol. 

The  results  of  measuring  the  viscosity  are  given  in 
Table  2  and  plotted  in  Fig.  2.  The  viscosity  isotherms 
have  a  maximum,  corresponding  to  the  compound  NjH4  • 
2C^50H. 


The  results  of  measuring  the  specific  electroconduc¬ 
tance  are  given  in  Table  3  and  plotted  in  Fig.  3.  The 
electroconductance  decreases  rapidly  in  going  from  pure 
hydrazine  to  337o  phenol,  and  then  the  decrease  is  more 
gentle  in  going  on  to  pure  phenol. 
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TABLE  I 


Density  (d).  Surface  Tension  (o)  and  Viscosity  (t?)  in  the  System  Hydrazine- Phenol 


Ainouut  of 
phenol 
(mole  %) 

d 

65'’ 

Vb” 

8.5° 

65® 

75® 

85  ■ 

65° 

0 

S5° 

10.0 

1.009 

1.1K)5 

l.(K)l 

46.08 

44.93 

43.81 

0.711 

0.588 

0.'i93 

1.024 

1.010 

1.0>»9 

44.35 

43.21 

42.27 

0.909 

0.752 

0.633 

30.0 

1.0.35 

1.027 

1.021 

43.40 

42.24 

41.09 

1.454 

1.120 

0.889 

iO.O 

1.047 

1.039 

1.031 

42.38 

41.30 

40.35 

1.909 

1.441 

1.093 

.lO.O 

1.0.53 

1.044 

1.035 

4I.()4 

40.62 

39.60 

2.636 

1.832 

1.360 

1)0.0 

1.0.54 

l.lKiO 

1.039 

40.01 

39.60 

38.55 

2.973 

2.036 

1.467 

70.0 

1.0.53 

1.040 

1.037 

39.37 

38.10 

37.24 

3.049 

2.078 

1.472 

80.0 

1.0.51 

1.044 

1.035 

38.18 

36.98 

36.15 

2.62!) 

1.823 

1.310 

90.0 

1.049 

1.040 

1.031 

37.24 

35.88 

34.88 

2.149 

1.540 

1  177 

DISCUSSION  OF  RESULTS 

The  presence  of  a  mazimum  on  both  the  density  and  viscosity  isotherms  indicates  the  formation  and  exist¬ 
ence  of  a  compound  in  the  homogeneous  melt  found  in  the  system  hydrazine— phenol.  A  considerable  smoothing 
out  of  the  maximum  on  the  viscosity  isotherms  occurs  when  the  temperature  is  raised  from  65  to  85* ,  which  is  due 
to  decomposition  of  the  compound.  The  S-like  shape  of  the  surface  tension  isotherms  also  indicates  the  existence 
of  the  compound  N2H4  •  2C^50H.  'fhe  electroconductance  isotherms  show  a  sharp  change  in  the  slope  with  res¬ 
pect  to  the  composition  axis,  which  can  be  attributed  to  the  compound  N2H4  .  2C^50H.  To  allow  for  the  influ¬ 
ence  of  viscosity  on  the  electroconductance,  we  multiplied  these  values  together  (Table  3,  Fig.  3).  From  Fig.  3 

TABLE  3 

Specific  Electroconductance  (k).  Corrected  Electroconductance  (tjx).  and  Temperature 

Coefficients  of  Electroconductance  (a)  and  Viscosity  (S)  in  the  System  Hydrazine— Phenol 


Amount  of 
phenol 
(mole  'Vo) 

* 

TjX 

a 

P 

65° 

75° 

65° 

75° 

65-75° 

65-85° 

10.0 

0.0184 

0.0192 

0.013 

0.01 1 

0.425 

—  1.894 

20.0 

0.01.59 

0.0163 

0.014 

0.012 

0.249 

—  l.S!)0 

30.0 

0.0108 

0.0114 

0.015 

0.013 

0.540 

—2.543 

40.0 

0.0066 

0.0  )68 

0.013 

0.  )10 

0.298 

—2.794 

50.0 

0.0030 

0.0)32 

0.0  )8 

0.006 

0.62  > 

—3.599 

O't.O 

0.0010 

0.0  )I2 

0.01)3 

0.0)2 

I.8IS 

-3.741 

70.0 

O.OOCi 

0.0  )  14 

0.0  109 

0.0)08 

2  8.57 

-3.787 

80.0 

0.00  )()!) 

0.0  )  )l 

0.0  ))2 

0.0)01 

1.0 

— :5.621 

•10.0 

0.000)1 

().00001 

0.0  )  002 

0.0000 1 

—3.302 

it  can  be  seen  that  the  corrected  electroconductance  isotherms  rise  in  going  from  pure  hydrazine  to  30^  phenol, 
and  then  their  change  is  similar  to  that  of  the  specific  electroconductance  isotherms.  We  also  calculated  the  tem¬ 
perature  coefficients  of  the  electroconductance  using  the  equation 


J_ 

■av 


x.,  —  Xj 


1<HI. 


The  data  for  the  curves  of  the  temperature  coefficients  of  the  electroconductance  (a)  are  given  in  Table 
3  and  plotted  in  Fig.  3.  The  curves  show  a  maximum,  corresponding  to  the  compound  N2H4  .  2C^50H. 
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A  similar  equation  was  used  to  calculate  the  temperature  coefficients  of  the  viscosity  (6)  (Table  3);  since 
these  values  are  negative,  they  were  plotted  below  the  line  for  the  zero  values  of  this  property.  The  curves  for 
the  temperature  coefficients  of  the  viscosity  (Fig.  3)  show  a  minimum  corresponding  to  the  1:2  compound. 

As  a  result,  all  of  the  properties  studied  by  us  indicate  the  existence  of  a  compound  of  hydrazine  with  phe¬ 
nol,  both  in  the  solid  phase  and  in  the  homogeneous  melt. 

Assuming  that  the  indicated  compound  is  formed  along  the  lines  of  hydrogen  bonding,  it  then  becomes  possi¬ 
ble  to  assign  the  following  hypothetical  structure  to  it. 


HCjf 

Hc!  JcH 


•  •  N— H  HCjT 

H— N-  •  -H-O— c! 


XH 


^CH 

GH 


SUMMARY 

L  The  fusion  diagram  of  the  system  hydrazine— phenol  was  investigated.  It  was  established  that  the  com¬ 
pound  N2H4;  •  2CfH50H  exists  in  the  solid  phase. 

2.  The  density,  viscosity,  surface  tension,  and  specific  electroconductance  in  the  system  were  investigated. 
The  isotherms  of  these  properties  revealed  that  the  indicated  compound  also  exists  in  the  homogeneous  melt. 
Maxima  were  observed  on  the  isotherms  of  both  the  density  and  the  viscosity.  The  surface  tension  isotherms  have 
an  S-like  shape,  while  the  specific  electroconductance  isotherms  show  a  sharp  change  in  the  slope,  corresponding 
to  the  indicated  compound. 

3.  The  curves  for  the  temperature  coefficients  of  both  the  electroconductance  and  the  viscosity  confirm  the 
presence  of  a  compound  with  a  1:2  ratio  of  the  components.  Here  the  electroconductance  curves  show  a  maximum, 
and  the  viscosity  curves  show  a  minimum. 

4.  Proceeding  from  the  concepts  of  hydrogen  bonding,  a  scheme  was  given  for  the  formation  of  compounds 
between  hydrazine  and  phenol. 
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POLAROGRAPHY  OF  SOME  AROMATIC  MONONITRO  COMPOUNDS 

V.  M.  Gorokhovskii  and  N,  M,  Ponomareva 

Kazan  Branch  of  the  All-Union  Motion  Picture  Scientific  Research  Institute 


The  nature  and  position  of  substituents  in  the  benzene  ring  exert  considerable  influence  <mi  the  ability  of  die 
nltro  group  to  be  reduced  at  the  dropping  mercury  electrode.  For  all  nitro  compounds,  both  the  half-wave  poten¬ 
tial  and  the  value  of  the  diffusion  current  depend  on  the  pH  of  the  solution.  The  pH  and  the  composition  of  both 
the  solvent  and  the  support  also  exert  a  definite  influence  on  the  mechanism  involved  in  the  reduction  of  the  nitro 
group.  Although  a  relatively  large  number  of  papers  exists  in  the  literature  on  the  polarography  of  individual  aro¬ 
matic  nitro  compounds  [1,  2],  still  the  investigation  results  of  the  different  authors  can  be  compared  only  with 
difficulty  due  to  the  different  experimental  conditions  used.  A  systematic  study  on  the  polarography  of  nitroben¬ 
zene,  0-,  m-  and  p-nitrophenols,  the  nitroanisoles,  and  the  nitrobenzoic  acids  and  their  methyl  esters,  at  different 
pH  and  concentrations,  was  made  by  Page  and  co- workers[ 3].  The  influence  exerted  by  the  nature  of  the  substi¬ 
tuents  on  the  ability  of  the  nitro  group  to  reduce  was  investigated. 

Data  is  lacking  in  the  literature  on  the  relative  influence  exerted  by  two  different  substituents  in  the  benzene 
ring  on  the  ability  of  the  nitro  group  to  reduce.  The  purpose  of  the  present  investigation  was  to  study  the  reduction 
of  4-nitrosalicylic  and  5-nitroanthranillc  acids,  and  also  of  o-  and  p -nitrobenzoic  acids  and  of  p-nitroanillne,  at 
the  dropping  mercury  electrode. 

EXPERIMENTAL 

A  visual  polarographic  setup,  assembled  in  conventional  manner,  was  used  to  take  the  polarograms.  To 
measure  the  current  strength  we  sued  a  B-27  mirror  galvanometer,  having  ap  operating  sensitivity  of  7,5  x  10“^ 
amp/mm.  The  characteristic  of  the  capillary  was  m*/*  t^/*=  1.66  mg*/*-sec"^'*  .  All  of  the  measurements 
were  run  In  a  thermostat  at  25^0.5*.  A  stream  of  hydrogen  was  passed  through  the  investigated  solution  for  10  min 
to  remove  dissolved  oxygen.  A  saturated  calomel  electrode  was  used  as  the  anode.  The  pH  of  the  solutions  was 
measured  using  an  LP-5  bulb  pH  meter. 

The  purity  of  the  investigated  compounds  was 
verified  by  comparing  their  melting  points  with 
those  given  in  the  literature  [4]  (in  parentheses);  o- 
and  p -nitrobenzoic  acids  145—147*  (148*)  and  238- 
239*  (238* ),  respectively;  p-nitroaniline  147,5* 

(147.5*);  4-nItrosalicylic  acid  228—230"  (228—230*); 

5-nittoanthranIlic  acid  272—275*  (260—280).  As 
buffer  solutions  we  used  acetate,  phthalate,  phos¬ 
phate, and  borate  mixtures  [5,  6],  prepared  from 
either  c.  p.  or  pharmaceutical  grade  chemicals. 

The  original  solutions  of  the  investigated  nitro 
derivatives  were  prepared  by  the  exact  weighing 
of  the  compounds  in  96Ffo  alcohol. 


Fig.  1.  Polarograms  of  o -nitrobenzoic  acid  in  buffer 
solutions  containing  4.8%C2H50H  and  0.01  %a gar- agar. 

pH:  1)  2.4,  2)  5,3;  3)  7.9;  4)  9.6. 


3499 


I  ( fi  amp) 


Niirobenzoic  Acids 

The  half-wave  potential  Ei/j  as  a  function  of  the 
pH  was  studied  using  5x  10  molar  solutions  of  o-  and 
p-nitrobenzoic  acids  (Figs.  1  and  2).  Changing  the  pH 
from  1.5  to  10  causes  E1/5  to  shift  toward  negative  poten¬ 
tials.  In  some  cases  the  appearance  of  an  ill -defined,  more 
negative  second  wave  is  observed.  In  the  pH  range  studied, 

the  slope  coefficient  of  the  wave  for 


o-and  p-nitrobenzoic  acids  changes  from  0.07  to  0,2  and 
from  0,05  to  0.1,  respectively,  which  is  apparently  associ¬ 
ated  with  a  change  in  the  mechanism  of  the  reduction. 

For  both  isomeric  acids,  the  value  of  the  diffusion  current 
in  the  pH  range  from  2  to  6  lies  within  6—6.5  M^mp,  but 
when  the  pH  is  increased  further  the  diffusion  current  in 

tfie  case  of  o-nitrobenzoic  acid  drops  to  5—5.5  pamp,  while  the  height  of  the  wave  in  the  case  of  p-nltrobenzolc 
acid  decreases  to  2—3  fiamp.  The  plots  showing  the  relationship  between and  the  pH  for  the  o-and  p-nltro- 
benzolc  acids  are  straight  lines  with  slope  tangents  a  0.088  and  0.074,  respectively. 


Fig.  2.  Polarograms  of  p-nitrobenzoic 
acid  in  buffer  solutions,  containing  4  8^0 
CjHgOH  and  0.01®7o  agar-agar. 

pH:  l)ai,  2)5.3,  3)  6.2,  4)  8.0,  5)  10.2. 


Fig.  a  Polarograms  of  4-nitrosalicylic  acid  (4  x  10 ”^)  in  buffer  solutions 
containing  9.6*^fc  CjHsQH  and  O.OO^o  agar-agar. 

pH:  1)  2.1,  2)  4.0,  3)  6.4,  4)  8.7,  5)  9.8. 


TABLE  1 

Influence  on  pH  on  the  Reduction  of  4- 
Nitrosalicylic  Acid  (4  x  10"^M)  in  Buf¬ 
fer  Solutions  Containing  9.6*70  Alcohol 
and  0.0047o  Agar-Agar 


I'll 

^total 
(H  am 

Wave  I 

Wave  11 

'i,  (P^a; 

iit/.tV} 

ii(i*-a) 

2.1 

G.7.5 

6.75 

0.22 

'i.O 

9.3 

5.4 

0.43 

3.9 

1.27 

5.2 

4.95 

4.95 

0.53 

— 

— 

.5.8 

4.8 

4.8 

0.61 

— 

— 

6.4 

5.1 

5.1 

0.65 

— 

— 

7..5 

4.2 

3.0 

0.78 

1.2 

1.35 

8.3 

.5.1 

2.1 

0.81 

3.0 

1.40 

9.4 

5.7 

1.65 

0.82 

4.05 

1.34 

9.8 

5.4 

0.9 

0.85 

4.5 

1.31 

Fig.  4.  Value  of  the  diffusion  cur¬ 
rent  as  a  function  of  concentration. 
1)  for  4-nitrosalicylic  acid  at  pH 
4.0,  2)  for  5-nftroanthranillc  acid 
at  pH  4. 6. 
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TABLE  2 

Effect  of  Alcohol  on  the  Reduction  of  5-NitroanthranilIc  Acid 
(2  X  10  ‘^)  in  Buffer  Solutions 


QH50H 
(in  %) 

Pil 

ftotal 
(p  amp) 

Wave  I  ! 

1 

Wave  II 

6  (p-  a) 

A’. , 

(V) 

ij(p-a) 

j 

1  (V) 

9.G 

1 

4.4 

6.75 

1.8 

0.16 

4.9.5 

0.40 

19.2 

4.4 

7.5 

2.7 

0.14 

4.8 

0.44 

28.8 

4.2 

8.i 

3.6 

0.18 

4.5 

0.52 

:}«.4 

4.4 

7.0 

2.3 

0.17 

4.6.5 

0.5.5 

48.0 

4.6 

8.7 

.5.2.5 

0.18 

3.45 

0.66 

4-Nitro3alicylic  Acid 

The  reduction  of  4-nitrosalicylic  acid  at  the  dropping  mercury  electrode  was  studied  in  the  pH  range  from 
2  to  10  (Fig.  3X  The  polarograms  of  the  nitrosalicylic  acid  in  the  region  4  >  pH  >  7.5  consist  of  two  waves. 
When  the  pH  is  changed  from  2  to  10,  Ej^j  of  the  first  wave  shows  a  steady  shift  toward  negative  potentials 
(Table  1).  Ei/t  of  the  second  wave  remains  practically  constant  in  this  pH  range,  staying  within  the  limits  L3— 
1.4  v;  in  the  pH  region  <  4  it  apparently  merges  with  the  hydrogen  wave  of  the  support.  In  the  pH  region  >7.5 
the  first  wave  decreases,  while  the  second  wave  increases. 


The  heights  of  both  waves  of  4-nitrosalicylic  acid  in¬ 
crease  with  increase  in  the  concentration  of  the  acid.  When 
the  4-nitrosalicylic  acid  concentration  is  changed  from  2  x 
lO’^  to  8  X  10"^M,  the  first  wave  obeys  the  equation  i  =  kc 
(Fig.  4).  The  slope  coefficient  of  the  first  wave  in  the  pH 
range  from  2  to  10  changes  from  0.04  to  0.09.  For  the  se¬ 
cond  wave  it  is  0.1—0.15. 


5 -Nitroanthranilic  Acid 

The  reduction  of  5 -nitroanthranilic  acid  was  investi¬ 
gated  in  pH  range  from  2  to  10  (Fig.  5. ).  The  height  of  the 
5  -nitroanthranilic  acid  wave  in  this  pH  range  changes  from 
5  to  2.7  fiamp,  while  Ei^2  shifts  toward  negative  potentials. 
The  slope  coefficient  in  the  pH  range  from  2  to  10  changes 
from  0.04  to  0.1.  The  plot  of  Ej  versus  pH  is  a  straight  line  with  tan  a  =  0.079. 

The  plot  of  the  value  of  the  diffusion  current  as  a  function  of  the  5 -nitroanthranilic  acid  concentration  is 
shown  in  Fig.  4.  We  investigated  the  effect  of  the  alcohol  concentration  on  the  polarographic  characteristics  of 
5-nitroanthranilic  acid  (Table  2).  Two  waves  appear  on  the  polarogram  of  5-nitroanthranilic  acid  when  the  alco¬ 
hol  concentration  is  increased.  Ej/j  of  the  first  wave  remains  practically  constant  when  the  alcohol  concentra¬ 
tion  is  increased,  staying  within  the  limits  0.15—0.2  v;  Ej/2  of  ^he  second  wave  shifts  toward  negative  potentials 
in  proportion  to  the  increase  in  the  alcohol  concentration. 


Fig.  5.  Polarograms  of  5-nitroanthranilic 
acid  (2  X  10 “4m)  in  buffer  solutions,  con¬ 
taining  2'7o  C2H5OH  and  0.0047o  agar-agar. 

pH:  1)  2.3,  2)  4.0,  3)  5.9,  4)  8.3,  Sy  10.1. 


p  -Nitroaniline 

The  reduction  of  p -nitroaniline  (5  x  10 ""fM)  in  buffer  solutions  containing  10%  CgHjOH,  was  studied  in  the 
pH  range  from  1.4  to  11.4  (Fig.  6).  In  all  cases  the  polarogram  consisted  of  one  wave,  the  E^^j  of  which  showed 
steady  shift  toward  negative  potentials  as  the  pH  was  increased.  The  slope  coefficient  of  the  wave  lay  between 
0.03  and  0.08.  The  height  of  the  wave  in  the  pH  range  from  1.4  to  8  was  5.8-5.2  jiampt  and  at  pH  >  8  It  decreas¬ 
ed  to  3.5—4  pamp. 
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DISCUSSION  OF  RESULTS 

As  had  been  done  earlier  [3],  to  compare  the 
ability  of  the  nitro  compounds  studied  by  us  to  reduce, 
we  will  take  Ei/^  of  nitrobenzene  as  the  standard.  As 
had  been  established  for  nitrobenzene  [3],  and  also  by 
us  for  5-nitroanthranillc  acid  (Table  2),  E1/2  of  nitro 
compounds  shifts  toward  the  negative  side  on  tlie  aver¬ 
age  of  5  mv  per  1%  increase  in  the  alcohol  concentra¬ 
tion.  Consequently,  to  convert  the  results  to  the  same 
conditions,  all  of  the  Ej/^  values  of  the  nitro  com¬ 
pounds  were  recalculated,  assuming  that  the  investi¬ 
gated  solution  contains  lOP/o  alcohol.  The  plots  cha¬ 
racterizing  the  ability  of  the  different  nitro  compounds 
to  reduce  are  shown  in  Figs.  7  and  8  The  zero  line 
corresponds  to  E^/j  of  nitrobenzene,  •  The  difference,  A  E,  between  Ej/^^  of  a  given  nitro  compound  and  Ej/j  of 
nitrobenzene,  is  plotted  along  the  ordinates.  In  such  case  a  decrease  in  the  value  of  A  E  will  be  linked  with  a 
shift  of  Ej/j  toward  negative  values  of  the  potential,  and  consequently,  with  a  decrease  in  the  ability  of  the  nitro 
compound  to  reduce.  In  this  respect  it  is  interesting  to  compare  4-nitrosalicylic  acid  with  p-nitrobenzoic  acid 

and  n-nitrophenol*  (Fig.  7). 

^  '  coon  COOH 


rv"" 
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1  1 
\/ 

NO2 
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N()2 

1 

NO2 

in  buffer  solutions  containing  10*70  C2H5OH  and 
0.01*70  agar-agar. 

pH:  1)  1.4.  2)  3.6,  3)  6.5,  4)  8.7,  5)  11.4. 


The  ability  of  the  nitro  group  in  p-nitrobenzoic  acid  to  be  reduced  decreases  monotonically  with  increase 
in  the  pH  (Fig.  7).  In  the  pH  region  <  9  the  electronegative  p -carboxyl  group  facilitates  reduction  of  the  nitro 
group.  The  reduction  of  the  nitro  group  becomes  difficult  at  high  pH  values,  apparently  due  to  the  influence  ex¬ 
erted  by  the  negative  charge  of  the  dissociated  carboxyl  group  [  3]. 


Fig.  7.  Influence  of  pH  on  the  ability  to 
be  reduced;  difference  in  half-wave  poten¬ 
tials  (AE)  of  given  nitro  compound  and  ni¬ 
trobenzene  as  a  function  of  pH. 

1)  for  p-nitrobenzoic  acid,  2)  m-nitrophenol, 
3)  sum  of  AE  for  p-nitrobenzoic  acid  and  m- 
nitrophenol,  and  4)  for  4-nitrosalicylic  acid. 


Fig.  8.  Influence  of  pH  on  the  ability  to 
be  reduced. 

1)  for  m-nitrobenzoic  acid,  2)  for  p-nitro- 
aniline,  3)  sum  of  AE  for  m-nitrobenzoic 
acid  and  p-nitroaniline  and  4)  for  5-nitro- 
anthranilic  acid. 


A  similar  effect,  but  less  weakly  expressed,  is  shown  by  the  hydroxyl  group  in  m-nitrophenol  (Fig.  7).  The 
electropositive  OH  group  in  m-nitrophenol,  substantially  increasing  the  electron  density  in  the  o-  and  p-  positions, 
decreases  the  electron  density  in  the  m-  position,  and  in  this  manner  facilitates  reduction  of  the  nitro  group. 


•From  the  data  in  [3]. 
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Assuming  the  absence  of  a  mutual  effect  exerted  by  the  groups,  the  total  effect  of  the  COOH  and  OH  groups  in 
4-nitrosalicylic  acid  should  lead  to  an  even  greater  reduction  in  the  electronegativity  of  the  nitro  group  (shown 
by  the  broken  line  in  Fig.  7),  and  consequently,  to  an  Increase  in  the  ability  to  be  reduced.  However,  as  was 
found  experimentally,  the  electronegativity  of  the  nitro  group  in  4-nitrosalIcylIc  acid  shows  substantial  increase; 
at  pH  <  3,  4-nitrosalIcylic  acid  is  reduced  more  easily  than  nitrobenzene,  while  at  pH  >  3  the  electronegativity 
of  the  nitro  group  shows  substantial  increase  (Fig.  7).  It  is  interesting  to  mention  that  at  extreme  values,  pH  <  2  or 
>  10,  Curves  3  and  4  in  Fig.  7  approach  each  other.  In  this  case,  the  mutual  influence  of  the  COOH  and  OH  groups 
is  apparently  slight,  and  the  total  AE  effect  of  p-nitrobenzolc  acid  and  m -nitrophenol  Is  close  to  the  AE  of  4-ni- 
trosallcyllc  acid. 

The  ability  of  5-nitroanthranilic  acid  to  be  reduced  can  be  compared  to  that  shown  by  m -nitrobenzoic  acid* 


and  p  -nitroanlline.  . . , . 
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At  pH  <  6,  the  ease  with  which  m -nitrobenzoic  acid  is  reduced  is  greater  than  that  shown  by  nitrobenzene, 
since  a  carboxyl  group  in  the  m-  position  favors  increasing  the  electron  density  in  the  0-  and  p-  positions  and  re¬ 
duces  somewhat  the  electron  density  around  the  m -nitro  group.  At  pH  >  6,  the  negative  charge  of  the  carboxyl 
will  favor  increasing  the  electron  density  around  the  nitro  group.  The  electronegativity  of  the  NOj  group,  as  was 
shown  In  [3]  and  confirmed  by  us,  increases  as  the  distance  between  the  COOH  and  NOj  groups  in  a  molecule  de- 

creases,  i.e.,  in  the  order  o  >  m  >  p.  The  electronegativity  of  the  nitro  group  in  p-nitroanlline  is  somewhat 
greater  than  it  Is  in  nitrobenzene,  due  to  the  electron -donor  influence  of  die  amino  group.  The  ability  of  the  ni¬ 
tro  group  in  p-nitroaniline  to  be  reduced  is  practically  independent  of  the  pH  (Fig.  8).  Excluding  the  mutual  in¬ 
fluence  of  the  C(X)H  and  NHj  groups,  AE  of  5-nitroanthranilic  acid  can  be  depicted  by  Curve  3  in  Fig.  8.  The 
experimental  value  of  AE  for  5-nitroanthranilic  acid  (Curve  4)  is  quite  close  to  the  theoretical  value.  Curves  3 
and  4  are  especially  close  to  each  other  at  pH  <  6,  where  the  visible  effect  of  the  mutual  influence  of  the  COOH 
and  NH2  groups  is  expressed  weakly.  At  pH  >  6,  the  mutual  influence  of  the  CODH  and  NHj  groups  appears  more 
strongly  and  the  curves  separate. 

Summarizing  the  above,  it  is  possible  to  assume  that  the  polarographic  method  permits  obtaining  some  quan¬ 
titative  date  regarding  the  mutual  influence  exerted  by  different  substituents  in  the  benzene  ring. 

SUMMARY 

1.  The  reduction  of  o-  and  p -nitrobenzoic  acids,  4-nitrosalicylic  acid,  5-nitroanthranilic  acid,and  p-nitro¬ 
aniline  at  the  dropping  mercury  electrode,  in  the  pH  range  from  2  to  10,  was  studied. 

2.  Reasons  were  given  why  the  polarographic  method  permits  obtaining  a  quantitative  estimate  as  to  the 
mutual  influence  exerted  by  different  substituents  in  the  benzene  ring. 
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CYCLOPROPANES  AND  CYCLOBUTANES 
Vn.  TOLYL-  AND  ANISYLCYCLOBUTANES 


.  R.  Ya.  Levina,  Yu.  S.  Shabarov,  M.  G.  Kuz’min, 

N.  I.  Vasil'ev,  S.  I.  Pokraka.and  E.  G.  Treshchova 
Moscow  State  University 

In  previous  communications  [1,  2]  we  described  a  new  method  for  the  synthesis  of  arylcyclobutanes,  consist¬ 
ing  in  the  catalytic  decomposition  of  aryltetrahydropyridazines;  using  this  reaction,  we  synthesized  the  phenyl- 
and  p-tolycyclobutanes,  and  also  1,  2-diphenylcyclobutane,  In  this  paper  we  describe  the  synthesis,  using  the 
same  mediod,  of  all  of  the  isomeric  tolylcyclobutanes,  and  also  of  o-  and  p-anisylcyclobutanes. 

The  starting  aryltetrahydropyridazines  (H)  were  easily  obtained  from  1,  2-dicarbethoxy-3-aryltetrahydropy- 
ridazines  (I)  the  adducts  of  the  correspcMiding  arylbutadienes  (isomeric  tolyl-  and  anisylbutadienes)  •  with  the 

diethyl  ester  of  azodicarboxylic  acid  —  by  the  hydrolysis  of  these  adducts  (alcoholic  caustic),  going  with  simul¬ 
taneous  decarboxylation  and  shift  of  the  double  bond  to  the  nitrogen  [4], 
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The  3-aryltetrahydropyridazines  (II)  obtained  in  this  manner  were  characterized  by  reacting  them  with 
phenyl  isothiocyanate  to  give  the  corresponding  phenylthiourea  derivatives  (anilides  of  the  corresponding  thiocar- 
boxylic  acids),  analysis  of  which  revealed  that  only  one  molecule  of  phenyl  isothiocyanate  enters  into  the  reaction, 
and  consequently  the  obtained  aryltetrahydropyridazines  contain  only  one  NH  group  (i.  e. ,  the  double  bond  is  found 
between  carbon  and  nitrogen,  in  the  2,  3  position).  It  was  also  established  (on  two  examples,  where  aryl  =  o-  and 
p -tolyl  )  that  the  hydrolysis  of  adducts  (I)  under  milder  conditions  permits  isolating  the  intermediate  hydrolysis 
product,  namely,  2-carbethoxy-3-aryltetrahydropyridazine  (III),  which  reacts  with  phenyl  isothiocyanate  to  give 
the  anilide  of  the  corresponding  thiocarboxylic  acid;  the  ability  to  react  in  this  manner,  testifying  to  the  presence 


•The  tolylbutadienes  were  synthesized  by  the  chloroarylation  of  butadiene  with  the  proper  tolyldiazonium 
salts  in  the  presence  of  cupric  chloride  and  subsequent  dehydrochlorlnation  of  the  obtained  chlorobutenes  [  3]. 

CH2=CH-CH=CH2  +  CH3CeH4N2Cl  CH3C6H4-CH2-CH=CH-CH2C1  — ^ 

— CH3C6H4-CH=CH-CH=CH2 

The  o-  and  p- anlsylbutadleneswere  synthesized  by  a  different,  more  convenient  procedure,  namely,  by  the 
dehydration  of  the  alcohols  obtained  by  Grignard  synthesis  from  o-  and  p-methoxybenzaldehydes  and  allyl  chlo¬ 
ride. 


CH30C6H4CH0-f  Mg4-Cn2=CH-CIIoCI  GH30C6H4GHOHGH2CH=CHo  — ^ 

Gll30C,iH4GH=GH-GH=Gll2 
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of  an  NH  group  in  the  product  of  the  partial  hydrolysis  of  adducts  (I),  permits  postulating  that  it  is  the  carbe- 
thoxyl  group,  furthest  removed  from  the  aryl  group,  that  suffers  hydrolysis  and  decarboxylation  first.  • 

The  3-aryltetrahydropyridazines  (II)  were  decomposed  by  heating  them  in  the  presence  of  KOH  and  plati¬ 
num;  the  Intermediate  biradical  (IV),  formed  with  the  evolution  of  nitrogen,  then  suffered  conversion  to  the  aryl- 
cyclobutane  (V),  and  also  suffered  cleavage  with  the  formation  of  the  corresponding  styrene  and  ethylene  [  1,  2]. 
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^  ArCH^CHg  +  CH2=CH, 

(11) 

II 

/• 

(IV) 


The  obtained  arylcyclobutanes  were  easily  purified  from  die  lower  boiling  styrenes  by  fractional  distillation 
through  a  column,  after  which  they  contained,  judging  from  the  Raman  spectra,  only  traces  of  unsaturated  com¬ 
pounds  (except  o-tolylcyclobutane,  which  was  purified  further  by  treatment  with  2,  4-dinitrophenylsulfenyl  chlo¬ 
ride  [5],  and  then  fractionated  again  through  a  column).  The  arylcyclobutanes  were  also  characterized  by  their 
ultraviolet  absorption  spectra  (an  SF-4  spectrophotometer  was  used  to  take  the  spectra).  •  •  The  UV  absorption 
spectra  of  all  of  the  isomeric  tolylcyclobutanes  are  shown  in 
Fig.  1,  while  those  of  the  o-  and  p-anisylcyclobutanes  are 
diown  in  Fig.  2.  For  comparison,  we  give  in  Fig.  3  the  spectra 
of  phenylcyclobutane  and  1,  2-diphenylcyclobutane  (mixture 
of  stereoisomers),  the  synthesis  of  which  had  been  described  by 
us  earlier  [  1,  2]. 

From  the  presented  spectra  it  can  be  seen  that  the  aryl¬ 
cyclobutanes  studied  by  us  have,  in  the  main,  a  characteristic 
absorption  minimum  in  the  wave  length  region  230  —240  m  fi, 
and  a  characteristic  maximum  in  the  260—270  mp  region. 

The  absorption  curve  of  phenylcyclobutane  shows  a  maximum 
in  the  260  mp  region,  but  the  corresponding  minimum  is 
apparently  shifted  toward  shorter  wavelengths  (220—230  m  )i), 
and  is  found  outside  the  resolving  ability  of  the  instrument. 

It  should  be  mentioned  that  the  UV  absorption  spectra 
of  the  arylcyclobutanes  and  corresponding  arylcyclopropanes 
have  a  similar  character,  and  differ  substantially  from  the 
spectra  of  the  corresponding  styrenes.  The  latter  show  more 
intense  absorption,  with  a  maximum  in  the  255  mp  region. 

Below,  in  Fig.  4,  we  give  for  comparison  the  UV  absorption 
spectra  of  p-propenyltoluene,  p-tolylcyclopropane  and  p- 
tolylcyclobutane,  and  in  Fig.  5,  the  spectra  of  p-propeny- 
lanisole,  p-anisylcyclopropane  and  p-anisylcyclobutane. 

EXPERIMENTAL 

0-,  m-  and  p-Tolyl-1,  3-butadienes.  The  chloroaryla- 
tion  of  butadiene  with  die  proper  tolyldiazonium  chloride  was 
run  in  the  presence  of  cupric  chloride  and  calcium  oxide  [  3]. 

The  yield  of  the  isomeric  4-chloro-l-tolyl-2-butenes  was 
50-55f7o. 


Xmii 


Fig.  1. 


1  _  o-tolylcyclobuune 

(^mlD  'min  2-0*; 

*inaz  2®* 

^mln  ^  *°8*niln  2.29; 

2  —  m-tolyl^clobutane 

(^mln  23®  los'min'  ®'! 

Iniai  2®®  log'maa  2-29; 

loiln  270  mil.  log*nilB  2.«2; 
Xjp,,  272  mifc,  loj^niax  2.13); 
j  —  p-tolylcyclobutane 

(^In  239  mil,  log  •min  2.21 ; 
Xmai  2®0  mu.  logtmti  2.««: 

^ID  2®1  m|i,  log  •min  2.94; 
Imaa  2®®  mii.  logimaa  2.71; 
^In  222  m|i,  log'min  2.41; 
imax  273  mu.  logtmax  2  ®®). 


•  In  the  opposite  case  the  double  bond  should  shift  to  the  2,  3  position,  and  the  presence  of  a  free  NH  group  could 
not  be  shown. 

•  •We  wish  to  thank  L.  A.  Kazitsyna  for  taking  the  ultraviolet  absorption  spectra. 
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3-  Aryl- 1,2- dicarbethoxy- 1,2,3, 6- tetrahydropyridazines  (I) 
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‘  The  atomic  refirac 
‘  •  Crystallized  afte 

•  o-Methoxybenzaldehyde  [b.p.  165-166*  (14  mm) 
salicylaldehyde  wth  dimethyl  sulfate  [6], 


4-Chloro-l-o-toIyl-2-butcne:  b,  p.  115—117 
(11  mm)  Hj^*®  1.5391;  4-chloro-l-m-tolyl -2-butene: 
b.  p.  119-121"  (  9  mm),  n  p*®  1.5347;  4-chloro-l-p- 
tolyl -2-butene:  b.  p.  121—123’  (10  mm).  n  p^®  1.5345. 
Literature  [ 3]:  for  the  o -isomer:  b.p.  94— 95  "(2  mm), 
Hq*®  1.5400;  m-isomer:  b.p.  107— 109  "  (3  mm),  n^*® 
1.5354;  p-isomer:  b.p.  112— 114*  (6  mm),  n^*® 

1.5349. 

Dehydrochlorination  of  the  chlorotolylbutenes  [  3]  , 
gave  the  isomeric  1-tolyl-l, 3-butadienes  in  85—90*70 
yield. 

1-o-Tolyl -1,3-butadiene:  b.p.  99—101*  (15  mm), 
Hq*®  1.5989;  1-m-tolyl- 1,3 -butadiene;  b.p.  97—98® 

(13  mm)  np^  L5978;  l-p-tolyl-l,3-butadie.ae:  b.p. 
94— 95*  (llmm)m,p,  24—25*.  Literature  [ 3] ;  for  the 
o-isomer:  b.p.  86"  (8  mm),  n^^  1.6001;  m-isomer; 
b.p.  85—87*  (7  mm),  np®*  1.5995;  p-isomer:  b.p.  90  — 
91*  (9  mm),  m.p.  26®. 

o-  and  p-Anisyl-1, 3-butadienes.  Allyl  chloride 
(5  ml)  was  added  with  stirring  to  26  g  of  magnesium  in 
250  ml  of  absolute  ether,  and  then  a  solution  composed 
of  236  g  of  the  proper  methoxybenzaldehyde  •  and  85  g 
of  allyl  chloride  in  400  ml  of  absolute  ether  was  gradu¬ 
ally  added  at  such  a  rate  that  the  reaction  mixture  re¬ 
fluxed  vigorously.  The  stirring  was  continued  for  3  hr 
at  room  temperature;  then  the  reaction  mixture  was 
poured  on  a  mixture  of  ice  and  ammonium  chloride. 

After  working  up  the  ether  extracts  in  the  usual  manner, 
followed  by  removal  of  the  ether  by  distillation,  the  re¬ 
sidue  (in  60  g  portions)  was  heated  on  the  water  bath 
with  fredily  dehydrated  potassium  bisulfate  (5  g)  for  10 
min  in  a  nitrogen  stream,  and  then  rapidly  vacum-dis- 
tilled.  The  distillate  was  dried  over  calcium  chloride, 
and  the  obtained  anisylbutadiene  was  again  redistilled 
in  vacuo  (in  a  stream  of  nitrogen). 

l-o-Anisyl-l,3-butadiene  (60*7o  yield);  b.p.  140  — 
143*  (16  him),  n^*®  1.6140;  1-p-anisyl-l, 3-butadiene 
(70<7o  yield);  b.p.  139-140  "  (12  mm)  m,p.  44-45*. 
Corresponding  literature  data;  b.p.  68®  (0.05  mm),  np^® 
1.6169  [7];  b.p.  115-120  ’  (6  mm)  m.p,  45*  [3], 

The  adducts  (I)  of  the  diethyl  ester  of  azodicar- 
•boxylic  acid  with  1-aryl-l, 3-butadienes  were  obtained 
by  pouring  together  solutions  composed  of  equimolar 
amounts  of  the  reactants  in  an  equal  volume  of  anhy¬ 
drous  benzene  with  cooling  (0—5  *);  the  reaction  mix¬ 
ture  was  allowed  to  stand  overnight  at  room  temperature. 
The  solvent  was  distilled  off,  and  the  residue  was  vacum 
distilled  to  yield  the  adducts,  the  constants  of  which  are 
given  in  Table  1. 

3-Aryl-l,4,5,6-tetrahydropyridazines  (II).  A  solu¬ 
tion  of  3.0  moles  (168  g)  of  KOH  in  600  ml  of  alcohol 

1.5612]  was  obtained  in  12%  yield  by  the  methylation  of 
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TABLE  2 

3  -  A  ryl  - 1 , 4, 5 , 6  -  te  trahydropyr  id  a  zines  (II) 


♦  The  refraction  for  die  grouping  =  N-NH-  was  taken  equal  to  5.78  [9]. 

•  ♦  Found ‘7o;  C  69.25,  69.43;  H  7.38.  7.38.  CuH^ONj.  Calculated ‘Vo;  C69.44;  H  7.41. 


was  added  to  0.5  mole  of  adduct  (I),  after  which  the  reaction  mixture  was  heated  under  reflux  for  6  hr  on  the  wa¬ 
ter  bath.  The  obtained  precipitate  of  potassium  carbonate  was  suction  filtered  and  washed  on  the  filter  with  alco¬ 
hol.  The  alcohol  was  distilled  from  the  filtrate,  and  the  residue  was  neutralized  with  hydrochloric  acid  and  then 
extracted  with  benzene.  After  distilling  off  the  benzene,  the  residue  was  vacum  distilled  to.  yield  the  desired 
aryltetrahydropyridazines  (their  constants  are  given  in  Table  2);  since  the  latter  are  easily  oxidized  in  the  air  and 
analyze  poorly,  they  were  characterized  either  by  preparing  their  addition  products  with  phenyl  isothiocyanate 
(both  the  melting  points  of  the  obtained  phenylthioureas  after  recrystallization  from  alcohol,  and  the  analysis 
data  are  given  in  Table  2),  or  by  obtaining  the  partial  hydrolysis  products  of  the  starting  dicarbethoxypyridazines 
(III,  see  below). 

The  3-aryl-2-carbethoxy-l,2,3.6-tetrahydropyridazines  (III)  were  obtained  in  the  same  manner  as  the  pro¬ 
ducts  of  the  complete  hydrolysis  of  the  adducts,  namely  the  aryltetrahydropyridazines  (II),  with  the  only  difference 
that  the  amount  of  alkali  used  was  cut  in  half. 

3-o-Tolyl-2-carbethoxy-l,2,3,6-tetrahydropyridazine,  m.p.  50— 50.5 * 

Found  C  68.21,  (58.21;  H  7.26,  7.38.  CmHibO^N,.  Calculated  ^yo;  C  68.26; 

H  7.37. 

Anilide  of  3-o-tolyl-2-carbethoxy-l,2,3,6"tetrahydro-l-pyridazlne  thiocarboxylic  acid  (substituted  phenyl- 
thlourea— the  addition  product  of  3-o-tolyl-2-carbethoxy-l,2,3,6-tetrahydropyridazIne  to  phenyl  isothiocyanate), 
m.p.  149  ’  (from  petroleum  ether). 

Founder  N  10.80,  10.86.  CjiHaaOjNgS.  Calculated  *70;  11.02. 

3-p-Tolyl-2-carbethoxy-l,2,3,6-tetrahydropyridazine  was  characterized  by  obtaining  the  addition  product 
with  phenyl  isothiocyanate  (anilide  of  3-p-tolyl-2-carbethoxy-l,2,3,6-tetrahydro-l-pyridazine  thiocarboxylic 
acid),  m.p.  161*  (from  petroleum  ether). 

Found  C  66.64,  66.52;  II  6.35,  6.34.  C31H23O2N3S.  Calculated  1'  (>6.12; 

H  6.08. 

Arylcyclobutanes  (V).  The  catalytic  decomposition  of  the  3-aryl-l,4,5,6-tetrahydropyridazfnes  was  effect¬ 
ed  by  heating  0.1  mole  of  the  tetrahydropyridazine  with  0.2— 0.3  mole  of  KOH  and  0.05  g  of  platinum  catalyst 
(platinum  oxide  on  clay)  in  a  Wurtz  flask.  Vigorous  reaction  began  at  about  200—240°,  with  the  evolution  of 
gases  and  a  partial  distillation  of  the  reaction  products.  In  order  to  complete  the  reaction  and  distill  off  all  of  the 
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TABLE  3 
Arylcyclobutanes 


9 

S  a 
o  — 

MRj, 

Found  •’/o 

Calculated 

Aryl 

_cj 

~o 

►«-' 

2p3 

•wi  ca  ^ 

"  E 

8 

C 

found 

:alcu- 

ated* 

i 

65 

c 

11 

c 

H 

o-Toiyl  .  . 

33.5 

76.5— 

77.0° 

(2.5) 

1.5309 

0.9398 

48.13 

1 

47.68 

0.45 

90.21, 

90.26 

9.81, 

9.89 

90.35 

9.65 

m-Tolyl 

20.5 

75.8— 

76.3 

(9.5) 

1.5246 

0.9316 

48.07 

47.68 

0.39 

90.23, 

90.24 

9.78, 

9..58 

90.35 

9.65 

p-Tolyl  .  . 

32 

93.5— 

93.7 

(11) 

1.5230 

0.9275 

48.16 

47.68 

0.48 

90.29, 

90.42 

9.71, 

9.71 

90.35 

9.65 

o-Anisyl 

14.2 

84.7— 

84.9 

(4) 

1.5360 

1.0098 

50.10 

49.32 

0.78 

81.40, 

81.56 

9.02, 

8.97 

81.43 

8.69 

p-Anlsyl 

13 

90.5— 

91(4) 

1.5320 

1.0040 

50.05 

i 

49.32 

0.73 

81.15, 

81.41 

8.80, 

8.67 

1 

81.43 

1 

8M9 

1 

•The  molecular  refraction  increment  for  the  four-membered  ring  was  taken  equal  to  0,48. 
TABLE  4 

Molar  Ratios  (K)  of  Amounts  of  Arylcyclobutane  and  Arylethylene 


Aryl 

Yield  (in  %) 

Composition  of  gas 
(in  volume  ‘7o) 

K 

atylcy- 

clobutana 

aryl¬ 

ethylene 

nitrogen 

pthylene 

ba.sed  on  |  based  on 
yields  o£  composition 
reaction  of  the  gas* 

o-Tolyl  .  . 

33.5 

22 

72 

28 

1.5 

1.6 

m-Tolyl  .  . 

20.5 

40 

60 

40 

0.5 

0.5 

p-Tolyl 

32 

28 

68 

32 

1.1 

1.1 

o-Anisyl 

14.2 

18.2 

65 

35 

0.8 

0.9 

p-Anisyl 

13 

13 

68 

32 

1.0 

1.1 

•  To  determine  K  from  the  composition  of  the  gas  we  used  the  equation:  K  =  — g — , 

where  a  is- the  total  volume  of  nitrogen,  b  is  the  volume  of  the  evolved  ethylene,  and 
a  -  b  is  the  volume  of  nitrogen  corresponding  to  the  formation  of  the  arylcyclobutane. 


decomposition  products,  the  temperature  of  the  reaction  mixture  was  raised  to  300—350  *.  The  distillate  was 
washed  with  hydrochloric  acid  (1:1),  then  with  2N  sodium  carbonate  solution,  next  with  water,  dried  over  calcium 
chloride,  and  finally  it  was  vacuum  distilled.  The  distillate  (30  —40  g,  from  several  experiments)  was  refluxed 
for  30  min  with  sodium  metal,  and  then  redistilled  in  vacuo.  The  reaction  products  were  Isolated  in  the  pure 
state  by  distillation  through  a  column  with  a  rating  of  30  theoretical  plates.  The  constants  of  the  obtained  aryl¬ 
cyclobutanes  are  given  in  Table  3. 

The  secondary  reaction  products,  namely  the  corresponding  styrenes,  had  the  following  constants:  o-methvl- 
styrene,  b.p.  43.5-44.1*  (2.5  mm),  and  n^*®  1.5441;  m -methylstyrene,  b.p.  45—45.5"  (2.5  mm),  and  n^*® 
1.5435;  p -methylstyrene,  b.p.  74.5*  (29  mm),  and  np^**  1.5397;  o-methoxystyrene,  b.p.  59—60.5*  (4  mm). 
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TABLE  5 

Raman  Spectra  of  Arylcyclobutanes 


o-Tolylcyclo- 

butsne 

p-Tolylcyclo- 

butane 

m-Tolylcyclo- 

butane 

o-Anisylcyclo- 

butane 

p-Anl$ylcyclo- 

butane 

218(1;  4)) 

221  (15;  m) 

224  (0.5) 

240(1) 

257  (2;  in) 

— 

265  (0.5) 

257  (0.5;  ni) 

274(0.5) 

— 

— 

— 

295(0.5) 

307(4) 

322(4;  ni) 

303(5) 

— 

307(1) 

333(2) 

— 

342(2) 

333(5) 

333(1; m) 

— 

— 

— 

353(5) 

347(1) 

397  (0.5) 

370  (2;  in) 

397 (1; m) 

— 

434(1) 

420(0) 

439(0) 

440(1.5) 

410(l;ni) 

460(0..5) 

— 

460(0) 

— 

460(0.5;  in) 

494  (0.5) 

— 

— 

494(2) 

— 

530(1) 

— 

528(14] 

.530  (2) 

M7  (0.5;  m) 

547(8) 

.547(1) 

— 

— 

— 

570(2) 

590(2;  in) 

584(1) 

580(4) 

585(0) 

620(2) 

621 (0) 

621 (0) 

605(0) 

603(1.5) 

651 (3) 

645(12) 

651 (4) 

640(4) 

635(12) 

— 

— 

— 

667  (0.5) 

671(0) 

695(0) 

— 

695(1) 

— 

695(0.5) 

718(4) 

735(4) 

718(1;$) 

738(1.5) 

724(14) 

724(12) 

746(4) 

735(1.5  m/$) 

774 (4) 

792(35) 

776(1) 

792(10) 

792(45) 

802(8) 

809(1) 

816(7) 

808(1) 

827 (0) 

833 (2) 

— 

— 

845(2) 

845(0) 

862(1) 

875 (4) 

884  (0.5  ;ui) 

877(2) 

875(4) 

912(1) 

908(6) 

912(3) 

912(10) 

912(8;  ab/$) 

920(2) 

— 

— 

— 

— 

948(1.5) 

949(1.5) 

947 (3) 

950(3) 

950(1.5) 

1000(4) 

996(10) 

1000  (.50) 

996(15) 

996(6) 

1015(1) 

1022(0) 

1019(1.5) 

1038(2) 

1015(1) 

10.56(45) 

— 

— 

10.56  (40) 

1043(1) 

1091  (1..5) 

1085(1.5) 

1085  (2.5) 

1090(2) 

1090(1) 

1121(1.5) 

1122(1) 

1107  (3) 

1117(1.5) 

1167(10) 

1117(2) 

1165(15) 

1151(1..5) 

1170  (3;  ni) 

1180(25) 

— 

1183(10) 

— 

— 

— 

— 

1198(12;$) 

— 

1196(12) 

— 

— 

1204(2.5) 

— 

1204 (0) 

1200(4) 

1227(40) 

1219(0) 

1230(2) 

— 

1219(4) 

— 

1245(1.5) 

1250 (5) 

1240(15;  ini 

1248  (5;ra) 

1270(6) 

1270(2.5) 

1270(5) 

— 

— 

1296 (8) 

1305 (2) 

— 

1304(15;  m) 

1304(10;  m) 

1321  (1.5) 

1334(2;$) 

— 

— 

1340(2.5) 

1347(2) 

1350(1.5;$) 

1342(5;  ml 

1350(1) 

1354(2) 

1382(10) 

1368 (8) 

1382(6) 

1382(0.5) 

1380(0) 

1443(10) 

1443(10) 

1443(10) 

1443(10) 

1443(10) 

— 

146.5(1) 

1467  (1) 

— 

1460(2;  m) 

1493(2) 

— 

— 

1493(8) 

1582(2) 

1573(2) 

— 

1593(5) 

— 

1606(50) 

1  1610(30) 

1610(20) 

1600(50) 

1 

1612(60) 

Key:  lu  =  broad,  ab;  =  double,  =  background. 


Hq*®  L5570,  and  d/®  1.0046;  p-methoxystyrene,  b.p.  62—63“  (4  mm),  n^*®  1.5612,  and  1.0002. 

The  literature  data  are,  respectively:  b.p.  51*  (9  mm),  nj)*®  1,5447 [10];  b.p  52—53*  (9  mm),  n^*®  1.54 
[11];  b.p.  51*  (10  mm),  n^^  1.5395  [11];  b.p.  83-84*  (12  mm),  n^^  1.5558,  d^^  1.0020  [10];  b.p.  204-205* 
(756  mm),  n^^^  1.5642,  d4“  1.0001  [12]. 

The  molar  ratios  (K)  of  the  amounts  of  arylcyclobutane  and  aryl  ethylene,  formed  in  the  decomposition  of 
the  aryltetrahydropyridazines,  were  determined  both  from  the  yields  of  reaction  products  and  the  analysis  of  the 
evolved  gas.  •  The  obtained  results  are  given  in  Table  4. 

An  ISP -51  spectrophotometer  was  used  to  take  the  Raman  spectra  of  all  of  the  synthesized  arylcyclobutanes. 
The  intensity  of  the  lines  in  the  spectra  was  estimated  visually  using  an  arbitrary  scale,  where  the  intensity  of  the 
1443  cm*^^  line  was  taken  as  10  arbitrary  imits  (Table  5).  The  spectra  of  the  tolylcyclobutanes  and  the  correspond 

•The  ethylene  contained  in  the  gases  was  identified  as  the  dibromide,  b.p.  130— 131  *,  n^*®  1.5370;  literature 
data  [13]:  b.p.  129-132*,  n^^*®  L 5397  . 
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Ing  anisylcyclobutanes  are  quite  similar.  •  In  their  spectra  the  most  intense  lines  are  those  characteristic  for  the 
disubstituted  benzene  ring:  640  —650,  792  —816,  996—1000,  1200—1240,  1600—1612  cm  ^[15].  The  spectra  also 
show  lines  in  the  regions  908—925  and  945—960  cm"\  characteristic  for  the  monosubstituted  cyclobutane  ring  [16], 
which  confirm.'?  the  structure  of  the  synthesized  hydrocarbons. 

SUMMARY 

1.  The  method  developed  earlier  for  the  synthesis  of  arylcyclobutanes,  namely,  the  catalytic  decomposi¬ 
tion  of  aryltetrahydropyridazines,  was  used  to  synthesize  the  new  o-,  m-  and  p-tolylcyclobutanes,  and  the  o-  and 
p  -anisylcyclobutanes. 

2.  The  obtained  arylcyclobutanes  were  characterized  by  their  Raman  spectra  and  their  ultraviolet  absorp¬ 
tion  spectra. 

3.  It  was  established  that  the  hydrolysis  and  subsequent  decarboxylation  of  the  dicarbethoxyaryltetrahydro- 
pyridazines,  the  starting  substances  for  the  preparation  of  aryltetrahydropyridazines,  go  in  two  stages,  in  which 
connection  the  first  to  react  is  the  carbethoxyl  group  found  furthest  away  from  the  aryl  substituent. 

4.  The  adducts  of  the  diethyl  ester  of  azodicarboxylic  acid  with  o-,  m-  and  p-tolyl-l,3-butacUenes,  and 
with  o-  and  p-anisyl -1,3-butadienes,  were  described  for  the  first  time. 
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THE  SYNTHESIS  OF  HYDROCARBONS 

LXXn.  Cio-Cu  DI-TERT-ALKYLMETHANES  (TETRA-,  PENTA-,  AND  HEXAMETHYLHEXANES) 

R.  Ya.  Levina  and  V.  K.  Daukshas 
Moscow  State  University  • 


In  previous  communications  [  1,  2]  we  described  a  new  method  for  the  synthesis  of  alkanes  containing  two 
quaternary  carbon  atoms  separated  by  a  methylene  group,  the  so-called  di-tert-alkylme thanes  (IV).  The  starting 
substance  for  the  synthesis  of  these  hydrocarbons  was  2,4-dimethyl-l,3-pentadiene,  the  monohydrochloride  (I)  of 
which  when  reacted  with  organomagnesium  compounds  R’MgBr  (first  Grignard— Wurtz  reaction)  gave  alkenes  with 
one  quaternary  carbon  atom  (II);  the  hydrochlorides  (HI)  of  the  latter  were  then  subjected  to  a  second  Grignard  — 
Wurtz  reacticHi  with'alkylmagnesium  halides  RMgBr  (in  the  presence  of  mercuric  chloride),  which  led  to  the  for¬ 
mation  of  di-tert-alkylmethanes  (IV). 


In  this  paper,  using  methylmagnesium  bromide  (R’  =  CHj)  in  die  first  Grignard -Wurtz  reaction,  and  ethyl- 
and  isopropylmagnesium  bromide,  and  also  tert-butylmagnesium  chloride  (R  =  CjH;,  iso-C3H7  and  tert-C4H9),  in 
the  second  Grignard— Wurtz  reaction,  we  synthesized  three  new  Cjo— Cj2  di-tert-alkylmethanes  with  a  highly 
branched  structure  (with  two  and  three  quaternary  carbon  atoms),  and  specifically,  the  tetra-,  penta-  and  hexa- 
methylhexanes. 


CII:r-C=CH— C=GH2 


CH3 

CH3-C-CH-C-GI 


CHnMgBr 


Cllr, 


CHs 


I 

CH3 

(I) 

CIl3 


Cllg 

-{-HCl  I  I 

CH3-C-CII2-C-GI 

I  I 

CH3  CH:, 
(III) 


CH3 


RMgX 

(HgCuT 


CH3 

I  I 

GH3-G-GH2-G-R 

I 

CH3 


CH3 

I 

GH3-G=GH— G-GH3 

I  I 

GH3  GH;, 

(II) 

CH3 


CH3 

(IV) 


R=c,iL.  ISO  -CjH,,  tert  -c,!!. 


It  should  be  mentioned  that  the  reaction  of  alkylmagnesium  halides  (RMgX)  with  saturated  tertiary  chlorides, 
proceeding  in  the  presence  of  mercuric  chloride,  leads  to  the  formation  of  alkanes  in  small  yields,  from  22  to  3%, 
in  which  connection  the  yield  drops  in  going  from  the  primary  alkylmagnesium  halide  to  the  secondary,  and  es¬ 
pecially,  to  the  tert-alkylmagnesium  halide. 


EXPERIMENTAL 

Using  the  above  scheme,  and  operating  through  the  sequence  of  synthesizing  the  starting  alkadiene— 2,4-di- 
methyl-l,3-pentadiene  (b.p.  92-93*  at  750  mm,  n^”  1.4443,  d4*®  0.7369;  literature  data  [3]:  b.p.  93-94* 
at  755  mm,  n^*®  1.4448,  0.7375),  its  hydrochloride  (I),  and  the  alkene  with  one  quaternary  carbon  atom— 2, 

2,4-trimethyl-3-pentene  (II;  b.p.  102.5— 104*  at  745  mm,  n^*®  1.4128,  d4“  0.7184;  literature  data  [4]:  b.p. 
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MRj,  I  Found  'io  I  1  Calculated  I  Yield 


o 

CM  m  CO 

CM  ^ 

o  ^ 

31.6 

23.4 

5 

X 

15.60 

15.48 

15.39 

o 

84.40 

84.52 

84.61 

Empirical 

formula 

Si  M  S 

XXX 

O  ~l  Cl 

QUO 

3  -o 
O  Q> 


o 


•o 

c: 

3 

o 


3 


3 

:s 


3  I  J. 


I  (u  2 
c8  3  c 

^  sl 

j2 

J3if 

■<r  ^  — -F? 

cnT 

cq  E 


■  «  ‘ 

.  cd  • 

^  ^  ^ 

|:c§ 

.5 

' 

*-•  CO  "tj 

Cjv,  E 


X 

Cl 

o 


X 

JiS 

M 

> 

4) 

4-» 

cd 

H 

2 

> 

<41 

O 

4) 

E 

4> 

43 

U 


103-104'  at  750  mm.  1,4130,  d4“  0.7191;  yield 
60%,  based  on  2,4-dimethyl-l,3-pentadlene),  we  obtained 
the  earlier  described  [  1,  2]  saturated  tertiary  chloride  (III) 

— 4-chl<wo-2,2,4-trimethylpentane  (90%  yield);  b.p.  41— 
42'  at  13  mm.  np*”  1,4311,  d4^°  0.8748;  literature 
data  [5]:  b.p.  53'  at  29  mm,  np®*  1.4310. 

Synthesis  of  di-tert-alkylmethanes  (IV).  To  react 
4“chloro-2,2,4-trimethylpentane  (0.5  mole)  with  alkyl- 
magnesium  halides  (ethyl-  and  isopropylmagnesium  bromi¬ 
des  and  tert-butylmagnesium  chloride,  each  obtained  from 
1. 1  mole  of  the  corresponding  halide),  and  also  to  remove 
imputities  of  organomercury  compounds  from  the  reacticxi 
products,  we  used  the  method  that  we  had  developed  [1,  2] 
to  synthesize  other  hydrocarbons  of  a  similar  structure.  The 
obtained  di-tert-alkylmethanes  (IV)  were  distilled  throu^ 
a  column  (35  theoretical  plates),  and  then  chromatograph¬ 
ed  on  silica  gel.  The  constants,  yields,and  analysis  data 
for  the  obtained  compounds  are  given  in  the  table. 

A  study  of  the  Raman  spectra  confirmed  the  presence 
of  quaternary  carbon  atoms  in  the  molecules  of  the  synthe¬ 
sized  alkanes— the  spectra  showed  intense  frequencies  in 
the  regions  670—740,  930  and  1200—1250  cm"^[7]. 

SUMMARY 

Using  the  method  developed  earlier,  we  synthesized 
some  new  Cij— di-tert-alkylmethanes  with  two  and 
three  quaternary  carbon  atoms,  and  specifically,  we  syn¬ 
thesized  2,2,4,4-tetramethyl-,2,2,4,4,5-pentamethyl-,and 
2,2,3,3,5,5-hexamethylhexane. 
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AROMATIC  HYDROCARBONS 

XI.  REACTION  OF  PHOSPHORUS  PENTOXIDE  WITH  PHENYLTETRAHYDROPHTHAUC  ACIDS 
AND  THEIR  ANHYDRIDES  (ADDUCTS  OF  "DIENE  SYNTHESIS") 

V.  R.  Skvarchenko,  R.  Ya.  Levina  and  M.  I.  Pugina 
Moscow  State  University 


As  we  had  shown  earlier  [1],  alkyltetrahydrophthalic  anhydrides ~the  products  of  the  "diene  synthesis"  of 
1,3- alkadienes  with  either  maleic  or  alkylmaleic  anhydrides— when  heated  with  phosphorus  pentoxide  cleave  two 
molecules  of  carbon  monoxide  and  a  molecule  of  water,  and  are  cmverted  to  aromatic  hydrocarbons  of  the  ben¬ 
zene  series. 


However,  if  a  phenyl  group  is  found  in  the  1  position  of  the  dienic  hydrocarbon,  then  the  adduct  with  maleic 
anhydride,  being  3-phenyl-l,2,3,6-tetrahydrophthalic  anhydride,  reacts  in  a  different  manner  with  phosphorus  pen¬ 
toxide,  without  the  cleavage  of  carbon  monoxide,  and  leading  to  the  formation  of  fluorene  [2]. 


As  can  be  seen  from  the  given  equaticxi,  the  formation  of  fluorene*  goes  dirough  the  stage  of  the  intramole¬ 
cular  acylation  of  the  benzene  ring  by  the  anhydride  group. 


*This  reaction,  simplified  in  the  respect  that  the  adducts  of  various  alkadienes  with  cinnamic  acid  (2-phenyltetra- 
hydrobenzoic  acids)  were  reacted  with  phosphorus  pentoxide,  was  worked  out  as  a  method  for  the  synthesis  of  hy¬ 
drocarbons  of  the  fluorene  series  [  2]. 


3514 


As  a  result,  tetrahydrophthalic  acids  and  their  anhydrides— adducts  of  the  "diene  synthesis"  —  when  reacted 
with  phosphorus  pentoxide,  can,  depending  on  their  structure,  be  converted  to  aromatic  hydrocarbons  via  two  re¬ 
actions  that  differ  in  principle;  1)  Alkyltetrahydrophthalic  anhydrides,  when  reacted  with  phosphorus  pentoxide, 
suffer  the  first  tvoe  of  aromatization  reaction— a  simultaneous  decarbonylation  and  dehydration  with  the  forma¬ 
tion  of  hydrocarbons  of  the  benzene  series;  and  2)  3-Phenyl -1,2,3,6-tetrahydrophthalic  anhydride,  when  reacted 
with  the  same  reagent,  suffers  the  second  type  of  aromatization  reaction— in  this  case  carbon  monoxide  is  not 
cleaved,  and  the  final  reaction  products  prove  to  be  fluorene  or  its  homologs. 


In  this  paper  we  studied  the  reaction  of  phosphorus  pentoxide  with  those  phenyltetrahydrophthalic  acids  (or 
their  anhydrides)  having  the  phenyl  substituent  in  other  than  the  3-  position  with  respect  to  the  carboxyl  group. 
Thus,  we  heated  2-phenyl -1,2, 3, 6 -tetrahydrophthalic  acid  (I)  (from  the  adduct  of  butadiene  with  phenylmaleic 
anhydride)  with  phosphorus  pentoxide;  the  reaction  product  in  this  case  proved  to  be  fluorene  (50*^0  yield).  The 
same  was  true  for  3 -phenyl -1,2, 3, 6 -tetrahydrophthalic  anhydride ;  when  2-phenyl-l,2,3,6-tetrahydrophthalic 
acid  was  reacted  with  phosphorus  pentoxide  it  suffered  aromatization  via  the  second  type— the  reaction  went 
through  the  stage  of  acylation  of  the  phenyl  ring  by  the  carboxyl  group  and  subsequent  conversion  of  the  interme¬ 
diate  hydroaromatic  ketone  to  fluorene. 
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It  should  be  mentioned  that  2-phenyl-l,'2,3,6-tetrahydrophthalic  acid  proved  to  be  more  stable  than  the  an¬ 
hydride  of  the  isomeric  3-phenyl-l,2,3,6-tetrahydrophthalic  acid  when  heated  with  phosphorus  pentoxide,  and 
here,  besides  fluorene,  the  original  acid  was  isolated  from  the  reaction  products. 

We  also  reacted  phosphorus  pentoxide  with  4-phenyl-l,2,3,6-tetrahydrophthalic  anhydride  (II)  (adduct  of  2- 
phenyl-1, 3-butadiene  with  maleic  anhydride),  where  the  phenyl  substituent  was  at  some  distance  from  the  anhy¬ 
dride  grouping,  which  excluded  the  possibility  of  intramolecular  acylation,  and  here  only  biphenyl  was  isolated  as 
the  sole  reaction  product  (65f7o  yield). 
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As  a  result,  if  the  starting  phenyltetrahydrophthalic  anhydride  has  the  phenyl  ring  at  some  distance  from  the 
anhydride  grouping  and  acylation  cannot  take  place,  then  when  the  adduct  is  reacted  with  phosphorus  pentoxide 
the  aromatizaticMi  goes  via  the  first  type  ,  with  simultaneous  decarbonylation  and  dehydration. 


4,5-Diphenyl-l,2,3,6-tetrahydrophthalic  anhydride  (III)  (adduct  of  2, 3-diphenyl-l, 3-butadiene  with  maleic 
anhydride)  proved  to  be  stable  when  heated  with  phosphorus  pentoxide. 
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EXPERIMENTAL 


2-Phenyl~l,2,3,6-tetrahydrophthalic  acid  (I)  was  obtained  by  heating  a  mixture  of  butadiene  (7.1  ml,  0.1 
mole)  and  phenylmaleic  anhydride  •  (8.7  g,  0.05  mole,  m.p.  118")  in  benzene  (10  ml),  in  the  presence  of  a 
small  amount  of  hydroquinone,  in  an  autoclave  at  50“  for  24  hr.  The  reaction  product  was  extracted  with  SP/o  so¬ 
dium  bicarbonate  solution;  acidification  of  the  solution  gave  10  g  (80^o)  of  acid  (1)  with  m.p.  196*  (literature 
data  [4]:  m.p.  196-197*). 

4-Phenyl-l,2,3,6“tetrahydrophthalic  anhydride  (II)  was  obtained  by  heating  equimolar  amounts  of  2-phenyi- 
1, 3-butadiene  •  •  and  maleic  anhydride  (22.4  g,  0.23  mole)  in  benzene  solution  (112  ml)  on  the  boiling  water  bath 
for  4  hr.  Anhydride  (II)  (9.3  g,  16%  yield,  based  on  starting  phenylacetoxybutene)  had  m.p.  105  “  (literature  data 
[5]:  m.p.  105*). 

4t5-Diphenyl-l,2,3.6-tetrahydrophthalic  anhydride  (III)  was  obtained  by  heating  a  mixture  of  2,3-diphenyl- 
1, 3-butadiene  *  *  (5.35  g,  0.026  mole)  and  maleic  anhydride  (2.55  g,  0.026  mole)  in  benzene  under  reflux  for  2 
hr.  We  obtained  7.5  g  of  (III)  (20%  yield,  based  on  starting  acetophenone  pinacol  •  •),  m  p.  161—163’  (litera¬ 
ture  data  [  6]:  m.  p.  164. 5  * ). 

Reaction  of  phenyltetrahydrophthalic  acid  and  phenyltetrahydrophthalic  anhydrides  with  phosphorus  pentoxide. 
A  mixture  of  2-phenyl-l,2,3,6-tetrahydrophthalic  acid  (I)  (8  g,  0.036  mole)  and  phosphorus  pentoxide  (4.5 
g,  0.036  mole)  was  heated  gradually  in  a  Wurtz  flask;  the  reaction  was  accompanied  by  tarring  and  the  brisk  evo¬ 
lution  of  carbon  dioxide.  The  reaction  product  was  removed  immediately  by  distillation,  heated  with  concentrated 
caustic  solution  (to  remove  unreacted  adduct),  and  recrystallized  twice  from  alcohol.  The  isolated  fluorene  (3  g, 
50%  yield)  had  m.p.  113*;picrate  m.p.  78— 79*,  which  agrees  with  the  literature  data  [7].  The  mixed  melting 
points  with  authentic  fluorene  and  with  the  picrate  were  not  depressed. 

A  mixture  of  4-phenyl-l,2,3,6-tetrahydrophthalic  anhydride  (II)  (9.3  g,  0.04  mole)  and  phosphorus  pentox¬ 
ide  (5.7  g,  0.04  mole)  was  heated  gradually  in  a  Wurtz  flask  until  the  evolution  of  carbon  monoxide  ceased;  the 
reaction  product  was  distilled  off,  heated  with  2N  caustic  solution  (to  remove  possible  unreacted  anhydride),  and 
recrystallized  from  alcohol.  The  obtained  biphenyl  (4.2  g,  66%  yield)  melted  at  69—70  *,  which  agrees  with  the 
literature  data  [8],  and  did  not  depress  the  melting  point  when  mixed  with  authentic  biphenyl. 

From  4,5-diphenyl-l,2,3,6-tetrahydrophthalic  anhydride  (III)  (0.043  mole),  by  heating  under  similar  condi¬ 
tions  with  phosphorus  pentoxide  (4.5  g,  0.043  mole),  we  isolated  by  distillation  a  substance  (8.8  g,  67. 7%  yield) 
that,  after  recrystallization  from  methyl  alcohol,  melted  at  161  * ,  and  did  not  depress  the  melting  point  when 
mixed  with  the  starting  anhydride. 


SUMMARY 

1.  It  was  shown  that  when  phosphorus  pentoxide  is  reacted  with  phenyltetrahydrophthalic  acids  (or  their  an¬ 
hydrides),  having  the  phenyl  substituent  in  different  positions  with  respect  to  the  carboxyl  group,  the  latter  are  con¬ 
verted  to  aromatic  hydrocarbons  via  two  reactions,  which  differ  in  their  character. 

2.  The  reaction  of  phosphorus  pentoxide  with  2-phenyl-l,2,3,6-tetrahydrophthalic  acid  (from  the  adduct  of 
butadiene  with  phenylmaleic  anhydride)  results  in  acylation  of  the  phenyl  ring  by  the  carboxyl  group  and  the 
cleavage  of  carbon  dioxide  with  subsequent  transformation  of  the  intermediate  hydroaromatic  ketone  to  fluorene 
(50%  yield). 

4-Phenyl-l,2,3,6-tetrahydrophthalic  anhydride  (adduct  of  2-phenyl -1,3-butadiene  with  maleic  anhydride), 
when  reacted  with  phosphorus  pentoxide,  suffers  simultaneous  cleavage  of  carbon  monoxide  and  dehydration,  and 
is  converted  to  biphenyl  (65% yield). 


•The  compound  was  obtained  by  the  Reformatskii  reaction,  by  reacting  ethyl  bromoacetate  with  ethyl  benzoylfor- 
mate,  followed  by  the  cleavage  of  water  from  the  obtained  phenylhydroxysuccinic  acid  [3]. 

•  •2-Phenyl-l, 3-butadiene  (obtained  by  the  pyrolysis  of  2-phenyl-4-acetoxy-l-butene  at  650  *  [5]  and  2,3-di- 
phenyl-1, 3-butadiene  (obtained  by  the  dehydration  of  the  acetophenone  pinacol  with  potassium  bisulfate  [6]  were 
not  isolated  in  the  pure  state,  since  they  polymerize  with  extreme  ease,  and  instead  were  reacted  immediately 
with  maleic  anhydride. 
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STEREOCHEMISTRY  OF  NITROGEN  HETEROCYCLES 
V.  STEREOISOMERISM  OF  2-METHYL-4-HYDROXYDECAHYDROQUINOLINE 

D,  V.  Sokolov,  G.  S.  Litvinenko,  and  K,  I.  Khludneva 
Institute  of  Chemical  Sciences,  Academy  of  Sciences  of  the  Kazakh  SSR 


A  study  of  the  stereoisomerism  of  2-methyl -4-ketodecahydroquinoline  and  die  working  out  of  methods  for 
the  synthesis  of  all  of  the  four  theoretically  possible  racemic  ketones  (Scheme  !)[!],  made  it  possible  to  under¬ 
take  a  systematic  study  of  the  conditions  for  the  reduction  of  these  compounds,  and  thus  go  from  the  series  of 
stereoisomeric  ketones  to  the  voluminous  series  of  stereoisomeric  alcohols  of  2 -methyl -4-hydroxydecahydroquino 
line,  possessing  great  interest  in  medicinal  chem'"try. 


0 


(I)  a-Isomer, 
(la)  N-benzoyl-, 


(IV)  y  -Isomer,  42* 
(IVa)  N- Benzoyl-, 


Scheme  1 
0 


(II)  6  -Isomer 
(Ila)  N- Benzoyl-, 


(III)  Hydrochloride, 
m.  p.  199* 


<V)6-Itomer,  (VI)  Hydrochloride  (VII)  Hydrate  of  the 
(Va)  N- Benzoyl-,  iti.  p.  210"  y-isomer 


In  a  previous  paper  [2]  we  had  described  techniques  for  the  reduction  and  catalytic  hydrogenation  of  the  a- 
and  6 -stereoisomers  of  2-methyl -4-ketodecahydroquinoline  (I)  and  (II),  their  hydrochloride  (III),  and  the  N-ben¬ 
zoyl  derivatives  (la)  and  (Ila).  We  depicted  the  spatial  structure  of  the  four  alcohols  obtained  in  this  manner,  and 
the  starting  «-  and  0 -ketones,  by  the  conformations  shown  in  Scheme  2. 

As  a  result,  the  hydrogenation  and  reduction  of  the. a-  and  6  "ketone  bases  (Ib)  and  (lib),  showing  mutual 
isomerization  in  these  processes,  and  the  catalytic  hydrogenation  of  their  stable  benzoyl  derivatives  (la)  and  (Ila), 
permitted  obtaining  all  four  racemic  alcohols  (VIII),  (IX),  (X)  and  (XI),  and  established  their  structural  similarity  to 
the  corresponding  of-  and  0 -ketones.  Due  to  the  overloading  of  the  molecule  with  axial  substituents,  it  is  possible 
for  alcohol  (XI)  to  have  an  inverted  conformation,  with  the  hydroxyl  group  in  the  equatorial  position  [2]. 

In  this  paper  we  describe  the  reduction  of  a  second  pair  of  stereoisomers  of  2-methyl-4-ketodecahydroquino- 
line,  and  specifically,  the  reduction  of  y -ketone  (IV),  the  N-benzoyl  derivatives  (IVa)  and  (Va)  of  the  y-  and  fi- 
ketones,  the  hydrochloride  (VI),  and  the  hydrate  (VII). 

The  conformations  and  steric  relationships  of  the  second  pair  of  y-  and  5 -ketones  and  of  hydrochloride  (Via) 
are  shown  in  Scheme  3.  In  this  scheme  the  5 -ketone  is  shown  as  its  N-benzoyl  derivative  with  m.p.  118*,  easily 
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{VIII)  (K)  (X)  (XI) 

Trans-series  Qs-series 


obtained  by  the  benzoylation  of  hydrochlOTide  (Via)  in  aqueous  solution  at  the  monient  of  its  decomposition  with 
alkali.  Here  it  must  be  assumed  that  in  the  benzoylation  reaction,  together  with  the  cation  of  hydrochloride  A, 
the  conformation  of  the  cation  of  hydrochloride  B  takes  part  in  the  form  oftwo”bathtubs7from  which  benzamide 
(Vb)  is  formed,  and  through  which,  consequently,  the  isomerization  of  the  y -ketone  to  the  g -ketone  occurs  [1], 
The  cation  of  hydrochloride  A,  in  the  form  of  two  "armchairs"  forms  during  the  benzoylation.  corresponding  to  the 
position  of  equilibrium,  the  benzoyl  derivative  of  the  y -ketone  (IVb),  not  shown  in  Scheme  3. 

The  two  pairs  of  stereoisomeric  alcohols  (XII)  and  (Xni),  on  the  one  hand,  and  (XIV)  and  (XV),  on  the  other 
hand,  corresponding  respectively  to  the  structure  of  the  y-  and  6 -ketones  (IVb)  and(Vb),  show  the  same  order  of 
coupling  of  the  piperidine  and  cyclohexane  rings  [2]  as  in  the  first  two  pairs  of  alcohols  (Vin,  DC)  and  (X,  XI), 
obtained  respectively  from  the  a-  and  0- ketones  (Ib)  and  (Ilb)  (Scheme  2),  and  differ  from  the  latter  in  having 
the  methyl  radical  in  the  equatorial  position. 

As  the  result  of  studying  the  reduction  products  of  the  y-  and  5 -ketones  (IVb)  and  (Vb),  we  obtained  three 
of  the  four  theoretically  possible  racemates  of  2-methyl-4-hydroxydecahydroquinoline  (XII— XIV),  but  have  not 
succeeded  as  yet  in  obtaining  racemate  (XV).  The  melting  points  of  the  alcohols  and  their  derivatives  are  given 
in  Table  1. 


Scheme  3 


(xn)  (xni)  (XIV)  (XV) 

Trans-series  Cis- scries 


3519 


Alcohol  (XII)  is  most  easily  obtained  (74*^0  yield)  by  the  reduction  of  the  y -ketone  (IVb)  with  sodium  metal 
in  alcohol  solution,  while  its  epimer  (XIII).  under  the  same  reduction  conditions,  was  isolated  in  a  total  yield  of 
only  3*70.  When  the  same  ketone  (IVb)  was  hydrogenated  using  Ni  catalyst,  in  benzine  solution,  the  yields  of  the 
indicated  alcohols  (XII)  and  (XIII)  were  44  and  36‘7f\  respectively,  and  when  the  reduction  was  run  in  alcohol  solu¬ 
tion,  the  yields  were  64  and  respectively.  • 

The  catalytic  hydrogenation,  using  Ni  catalyst,  of  2-methyl-4-ketodecahydroquino  line  hydrochloride  (Via), 
obtained  from  the  y -ketone  (IVb)  and  from  the  hydrate  (VII),  yields  two  alcohols— (XII)  (39*70)  and  (XIII)  (SQ®/®). 
corresponding  to  the  y -ketone  (IVb),  and  fails  to  give  any  alcohols  wldi  the  configuration  of  the  5 -ketone  (Vb)., 

As  a  result,  here  we  have  a  repetition  of  already  known  facts,  described  [2]  in  the  analogous  hydrogenation  of  hy¬ 
drochloride  (III)  with  m.p.  199*,  formed  by  the  a-  and  6 -ketones  (I)  and  (II)  (Scheme  1).  Evidently,  the  confor¬ 
mation  of  cation  A  of  hydrochloride  (Via),  in  the  form  of  two  armchairs,  is  also  more  sterically  suitable  for  cata¬ 
lytic  hydrogenation  in  the  given  case  than  is  the  conformation  of  cation  B  in  the  form  of  two  bathtubs.  For  this 
reason,  equilibrium  in  the  system  A  5=i=B,  when  hydrogenation  is  in  aqueous  solution,  must  be  assumed  to  be  shift¬ 
ed  completely  toward  the  first  cation,  as  a  result  of  which  the  possibility  of  forming  alcohols  (XIV)  and  (XV)  be¬ 
comes  quite  improbable. 

As  was  to  be  expected,  the  catalytic  hydrogenation  of  an  aqueous  suspension  of  hydrate  (VII)  gave  the  known 
alcohols  (XII)  and  (XIII)  in  yields  of  48  and  33*7©,  respectively.  These  racemates,  (XII)  and  (XIII),  are  also  obtain¬ 
ed  as  the  sole  products  when  the  benzoyl  derivative  (IVa)  of  the  y -ketone  (FVb)  is  hydrogenated,  and  for  this  reason 
their  structural  similarity  to  this  ketone  is  without  doubt.  Alcohol  (XII),  when  crystallized  from  aqueous  solution, 
adds  three  molecules  of  water,  and  melts  at  92*.  As  a  result,  the  ability  of  y -ketone  (IVb)  to  form  hydrate  (VII), 
is  transferred  to  only  one  of  the  two  alcohols  formed  from  it  on  reduction  and  hydrogenation.  The  stereoisomeric 
alcohol  (XIV),  corresponding  to  the  conformtition  of  the  5  -ketone,  is  obtained  in  good  yield  (92*7^')  by  the  catalytic 
hydrogenation  of  the  N-benzoyl  compound  (Vb)  (m.p.  118  *)  in  the  presence  of  nickel  catalyst.  Under  these  hydro¬ 
genation  conditions,  the  epimeric  alcohol  (XV)  is  probably  not  formed  at  all. 

Scheme  4 


KOH  +  alcohol 


(XVIII) 

The  benzoyl  radical  of  alcohol  (XVI)  cannot  be  cleaved  by  refluxing  with  either  alcoholic  KOH  solution  or 
dilute  hydrochloric  acid.  For  this  reason,  to  obtain  the  alcohol-base  (XIV),  we  ran  the  benzoylation  of  (XVI)  in 
such  manner  that  the  acyl  radical  was  partially  cleaved«due  to  the  hydrogen  chloride  liberated  during  the  benzoyla¬ 
tion,  and  this  led  to  the  formation  of  the  two  benzoates  (XVII)  and  (XVIII),  in  approximately  equal  amounts.  Sa¬ 
ponification  of  the  dibenzoyl  compound  (XVII)  in  alcoholic  KOH  solution,  and  repeating  the  benzoylation  of  (XVI), 
enabled  us  to  convert  this  amide  completely  to  benzoate  (XVIII),  from  which  it  is  an  easy  matter  to  obtain  alcohol 
(XIV)  with  m.p.  114—115“  (Scheme  4). 

The  yields  of  the  alcohols  (XII),  (XIII)  and  (XIV),  using  different  techniques  to  reduce  the  y-  and  5 -ketones, 
are  summarized  in  Table  2. 


•In  all  cases,  the  amount  of  the  alcohols  needed  to  bring  the  material  balance  up  to  100*7o  remains  as  the  unsepa¬ 
rated  mixture. 
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TABLE  1 


Compound 

Alcohols 

(XII),  m.  p. 
143-144* 

(XIII),  m.  p 
157-158* 

,  (XIV),  m.  F 
114-115* 

1 

Hycrochloride . 

Picrate  ,  .  . 

N- Benzoyl  . 

Hydrate . 

311—312° 
207—208 
1.31-132 
91—  92 

! 

247—248° 

195—196 

133—134 

278—279° 

160—161 

182—183 

TABLE  2 


Expt,  No, 

Ketone  and  derivatives 

Solvent 

Yield  of  alcohols  (in  %) 

(XII),  m,p, 

143-144* 

(xm), 

m,p, 

157-158* 

(XIV). 

m.p. 

114-115* 

1 

y  -  Ketone  (IVb)  , 

Alcohol 

74,0 

2,7 

_ 

Alcohol 

64,3 

22,7 

— 

1 

Benzine 

43,6 

35.9 

- 

2 

Hydrochloride  (VI) 

Water 

38,8 

59.0 

- 

3 

Hydrate  (VU) 

Water 

42,2 

32.6 

- 

4 

N- Benzoyl  (IVa) 

Alcohol 

8,9 

61.9 

- 

5 

N-Benzoyl  (Va) 

Alcohol 

- 

- 

92.3 

Note.  The  reduction  method  in  Expt.  1  was  Na+alcohol,andinExpt.Nos.2-5it  was  H2  +  Ni- catalyst. 

Alcohol  (XII),  obtained  in  good  yield  when  ketone  (IVb)  is  reduced  with  sodium  in  alcohol,  and  in  compa¬ 
ratively  smaller  yield  when  catalytic  hydrogenation  is  employed,  should  be  stable  (Auwers— Skita  rule),  and  ac¬ 
cording  to  the  principles  of  conformational  analysis  [3],  should  have  the  hydroxyl  group  in  the  equatorial  position, 
while  alcohol  (XIII)  should  correspondingly  have  the  hydroxyl  group  in  the  axial  position.  The  solitary  racemate 
(X IV )b belonging  to  the  cis-series,  and  evidently  formed  in  the  catalytic  hydrogenation  of  the  5 -ketone  (Vb)  due 
to  attack  of  the  carbonyl  group  by  activated  hydrogen  predominantly  from  the  axial  region  (Scheme  5,  shown  by 
arrow),  apparently  has  the  hydroxyl  group  in  the  equatorial  position. 

Scheme  5 


As  a  result,  a  study  of  the  reduction  and  catalytic  hydrogenation  of  the  stereoisomers  of  2-methyl-4-keto- 
decahydroquinoline  and  their  four  N- benzoyl  derivatives  permitted  obtaining  seven  of  the  eight  theoretically  possi¬ 
ble  racemates  of  2-methyl-4-hydroxydecahydroquinoline,  and  it  also  made  many  of  them  available  for  the  syn¬ 
thesis  of  new  medicinals.  The  conformations  of  the  above  described  four  stereoisomeric  ketones,  and  of  the  seven 
racemic  alcohols  corresponding  to  them,  will  be  examined  further  when  we  discuss  the  results  of  the  optical  studies. 
• 

EXPERIMENTAL 

The  y -isomer  of  2-methyl-4-ketodecahydroquinoline  (IVb)  with  m.p.  41—42°,  its  1-benzoyl  derivative 
(IVa)  with  m.p.  138—139*,  and  the  1-benzoyl  derivative  of  the  5-isomer  (Vb)  with  m  p.  117—118*,  used  in  the 
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present  study,  were  obtained  as  described  earlier  [1],  The  Raney  nickel  catalyst  was  prepared  as  follows  [4]; 

10  g  of  Ni-Al  alloy  was  added  in  2  g  portions  every  10  min  to  100  ml  of  30*7^  sodium  hydroxide  solution.  The 
catalyst  was  heated  on  the  water  bath  for  30  min  in  such  manner  that  the  temperature  reached  70 " ,  after  which 
the  alkali  was  leached  out  with  small  pc^tions  of  water  (1  liter).  In  the  cases  where  the  hydrogenation  was  run  in 
organic  solvents,  the  catalyst  was  washed  further  with  alcohol  and  the  proper  solvent. 

Hydrogenation  of  the  y -isomer  of  2-methyl-4-ketodecahydroquinoline  (IVb)  on  Raney  Ni  catalyst  in  al¬ 
cohol  solution.  The  nickel  catalyst,  obtained  from  10  g  of  nickel -aluminum  alloy,  and  previously  saturated  witii 
hydrogen,  was  added  to  a  solution  of  30  g  of  the  y -isomer  (IVb),  m.p.  41—42",  in  200  ml  of  alcdiol.  The  hydro¬ 
genation  was  stopped  after  shaking  for  1.5  hr,  and  here  4.4  liters  of  hydrogen  was  absorbed,  as  compared  to  theoreti¬ 
cal  of  4.6  liters.  Another  140  g  of  the  y -isomer  (IVb)  was  hydrogenated  under  similar  conditions.  The  products 
were  combined,  the  catalyst  was  filtered,  then  washed  with  alcohol,  and  the  alcohol  was  distilled  from  the  filtrate 
to  dryness.  The  residue  of  bases  was  dissolved  in  anhydrous  alcohol,  and  then  neutralized  to  Congo  with  an  alco¬ 
hol  solution  of  dry  hydrogen  chloride.  The  mixture  of  hydrochlorides  was  recrystallized  from  anhydrous  alcohol. 

We  obtained  122.4  g  of  the  hydrochloride  of  2-methyl -4-hydroxydecahydroquinoline  (XII)  with  m.p.  311—312*. 

Found  ‘7o:  N  6.89,  6.56,  CjoHjoONCl.  Calculated  %  N  6.81. 

A  solution  of  20.0  g  of  the.hydrochloride  in  water  was  treated  with  excess  potassium  carbonate  solution, 
after  which  the  base  was  extracted  with  chloroform,  and  the  extract  dried  over  fused  potassium  carbonate.  Remo¬ 
val  of  the  solvent  and  recrystallization  of  the  residue  from  acetone  gave  15.9  g  of  2 -methyl -4-hydroxydecahydro- 
quinoline  (XII)  with  m.p.  143-144", 

Found  afo;  C  71.18,  70.94;  H  11.28,  11.22;  N  8.41.  8. 31.  CjoHiPN.  Calculated  C  70.96;  H11.31;N 

8.28. 

When  recrystallized  from  water,  alcohol  (XII)  crystallizes  with  three  molecules  of  water,  and  melts  in  a 
sealed  capillary  at  91—92".  In  an  open  capillary  it  melts  the  same  as  the  anhydrou’s  form  (143—144*). 

Found  HjO  25.1.  M  222.6.  C^HiPN  .  SHjO.  Calculated  HjO  24.1.  M  223.3. 

The  hydrochloride  was  obtained  by  neutralizing  the  free  base  (XII)  with  an  alcoholic  solution  of  dry  hydro¬ 
gen  chloride;  tiny  tetragonal  colorless  plates  with  m.p.  311—312*  (from  anhydrous  alcohol),  not  depressing  the 
melting  point  when  mixed  with  the  described  specimen. 

TTie  picrate  was  obtained  as  yellow  crystals  with  m.p.  207—207,5*  (from  a  mixture  of  anhydrous  alcohol 
and  petroleum  ether). 

Found  <7o;  N  14.43,  14.17.  Ci^2208N4.  Calculated  <7o:  N  14.06. 

1 -Benzoyl -2 -methyl -4-hydroxydecahydroquinoline.  A  solution  of  1. 5  g  of  alcohol  (XII)  in  90  ml  of  dry 
benzene  was  mixed  with  a  solution  of  0,62  g  of  benzoyl  chloride  in  15  ml  of  benzene.  The  hydrochloride  of  iso¬ 
mer  (XII),  obtained  as  a  precipitate  when  the  mixture  was  allowed  to  stand  overnight,  was  separated  and  washed 
with  benzene  (0.83  g  of  crystals  with  m.p.  311—312*  was  obtained,  not  showing  a  melting  point  depression  when 
mixed  with  the  specimen),  after  which  the  benzene  solution  was  washed  with  water,  dried  over  potassium  carbon¬ 
ate,  and  evaporated  to  a  small  volume.  The  N -benzoyl  derivative  was  recrystallized  from  a  mixture  of  benzene 
and  benzine.  We  obtained  0.87  g  (73%)  of  the  1-benzoyl -2-methyl -4-hydroxydecahydroquinoline  isomer  of  (XII) 
with  m.p.  131-132*. 

Found  %:  N  5.75,  5.66,  CitHjjPjN.  Calculated  %:  N  5.13. 

The  alcohol  solution  remaining  after  the  removal  of  the  hydrochloride  of  (XII),  was  evaporated  to  dryness, 
the  dry  residue  of  salts  was  decomposed  with  aqueous  potassium  carbonate  solution,  and  the  free  base  was  extract¬ 
ed  with  chloroform,  dried  over  potassium  carbonate  and,  after  removal  of  the  solvent,  was  recrystallized  from  di- 
oxane.  We  obtained  35.6  g  of  the  isomer  of  2-methyl -4-hydroxydecahydroquinoline  (XIII)  as  tiny  colorless  scales 
with  m.p.  157-158*. 

Found  %:  C  70.42,  70.51;  H  11.45,  11.40;  N  8.30,  8.21.  CjoHuPN.  Calculated  %h  C  70.96;  H  11.31; 

N  8.28. 

The  picrate  was  obtained  by  mixing  equivalent  amounts  of  the  base  (XIII)  and  picric  acid  in  anhydrous  alco¬ 
hol.  Yellow  rods  with  m.p.  195—196*  (from  a  mixture  of  anhydrous  alcohol  and  petroleum  ether). 
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Found  N  14.31,  14.24.  Calculated  %:  N  14.06. 

The  hydrochloride  was  obtained  as  clusters  of  tiny  white  needles  with  m.p.  247—248  “  (by  precipitation 
from  anhydrous  alcohol  with  ether). 

Found N  6.63,  6.73.  CioH2oONCl.  Calculated  %:  N  6.8L 

1-Benzoyl  -2-methyl  -4-hydroxydecahydroquinoline  was  obtained  by  the  benzoylation  of  isomer  (XIII)  in 
benzene  solution,  as  described  above.  Fine  colorless  crystals  with  m.p,  133—134*  (from  acetone). 

Found  N  5.50,  5.42,  C][7H2^2^-  Calculated  N  5,13, 

From  the  remaining  mixture  of  isomeric  alcohols  (XII)  and  (XIII),  after  two  alternate  recrystallizations  of 
their  hydrochlorides  from  anhydrous  alcohol,  and  of  the  free  bases  from  dioxane,  we  obtained  an  additional  12.0  g 
of  the  hydrochloride  of  isomer  (XII)  with  m.p.  311-312*,  and  3.5  g  of  isomer  (XIII)  with  m.p.  157-158*.  As  a 
result,  we  obtained  a  total  yield  of  134.4  g  (64.3*55)  of  the  hydrochloride  of  2- methyl- 4-hydroxydecahydroquinoline 
(XII)  with  m.p.  311-312*  [the  alcohol- base  (XII)  has  m.p.  143-144*],  and  39,1  g  (22.7*55)  of  isomeric  alcohol  (Xin) 
with  m.p.  157- 158*. 

Hydrogenation  of  the  y -isomer  of  2-methyl -4-ketodecahydroquinoline  (IVb)  on  nickel  catalyst  in  benzine 
solution .  A  solution  of  19.3  g  of  the  y -isomer  (IVb),  m.p.  41—42",  in  60  ml  of  dry  benzine  (b.p,  80— 100  ")  was 
hydrogenated  in  the  presence  of  Raney  Ni  catalyst  (the  catalyst  was  prepared  fromio  g  of  the  alloy,  as  described 
above,  washed  with  anhydrous  alcohol,  then  with  benzine,  and  finally  it  was  saturated  with  hydrogen  in  40  ml  of 
benzine).  The  hydrogenation  was  stopped  after  6  hr  (amount  of  hydrogen  abosrbed  was  1,55  liters,  and  the  hydro¬ 
genation  product  had  begun  to  crystallize),  and  a  new  portion  of  catalyst  (from  10  g  of  the  alloy)  in  50  ml  of  ben¬ 
zine  was  added  to  the  hydrogenation  flask.  The  calculated  amount  of  hydrogen  (3  liters)  was  absorbed  after  shak¬ 
ing  for  an  additional  3  hr.  The  catalyst  was  filtered,  washed  with  benzine,  then  with  alcohol,  and  the  combined 
filtrates  were  evaporated  to  dryness.  After  a  3-fold  alternate  recrystallization  of  the  hydrogenation  products,  as 
the  hydrochlorides  from  anhydrous  alcohol,  and  as  the  free  bases  from  dioxane,  we  obtained  10.36  g  (43,6*?5))  of  the 
hydrochloride  with  m.p.  311—312*,  corresponding  to  the  isomer  of  2-methyl -4-hydroxydecahydroquinolIne  (XII) 
with  m.p.  143—144*,  and  7.0  g  (35.9*55?)  of  the  isomeric  alcohol  (XIII)  with  m.p.  157-158*.  Both  compounds 
failed  to  depress  the  melting  point  when  mixed  with  the  described  specimens. 

Reduction  of  the  y -isomer  of  2-methyl -4-hydroxydecahydroquinoline  (IVb)  with  sodium  metal  in  alcohol 
solution .  To  a  solution  of  11,0  g  of  the  y -isomer  (IVb),  m.p.  41—42*,  in  400  ml  of  anhydrous  alcohol, was  added, 
in  small  portions,  30  g  of  sodium  metal  in  45  min.  Toward  the  end  of  reaction  the  liquid  was  heated  on  the  boil¬ 
ing  water  bath  until  all  of  the  sodium  had  dissolved  (30  min).  After  cooling,  the  deep  red  solution  was  treated  in 
small  portions  with  140  ml  of  coned,  hydrochloric  acid  with  cooling.  The  deposited  sodium  chloride  was  filtered 
and  washed  with  alcohol,  the  alcohol  and  part  of  the  water  were  distilled  off  under  a  slight  vacuum,  and  the  aque¬ 
ous  residue  was  washed  with  chloroform  to  remove  neutral  tars,  and  then  it  was  decomposed  with  excess  potassium 
carbonate.  The  free  base  was  extracted  with  chloroform,  dried  over  potassium  carbonate,  and  after  distilling  off 
the  chloroform,  the  residue  was  dissolved  in  anhydrous  alcdiol  and  then  neutralized  with  an  alcohol  solution  of  dry 
hydrogen  chloride.  The  obtained  mixture  of  hydrochlorides  was  recrystallized  from  anhydrous  alcohol,  and  here 
we  obtained  10.0  g  (73.9*55')  of  the  hydrochloride  with  m.p.  311—312*,  corresponding  to  the  isomeric  alsohol  (XII) 
with  m.p.  143—144*.  The  remainder  of  the  salts  was  converted  in  the  usual  manner  to  the  free  bases,  the  re¬ 
crystallization  of  which  from  dioxane  gave  0.3  g  (2.7*55?)  of  the  isomeric  alcohol  (XIII)  with  m.p,  157—158  *.  The 
obtained  hydrochloride  and  alcohol-base  failed  to  depress  the  melting  point  when  mixed  with  the  proper  specimens. 
The  residue  of  unseparated  mixture  weighed  1.4  g  (12.6*55). 

Hydrogenation  of  the  hydrate  of  the  y -isomer  of  2-methyl -4-ketodecahydroquinoline  (VII).  A  suspension  of 
21.5  g  of  finely  powdered  hydrate  (VII),  m.p.  55—56*,  in  250  ml  of  water  was  hydrogenated  in  the  presence  of 
nickel  catalyst,  prepared  from  10  g  of  the  nickel -aluminum  alloy,  and  previously  saturated  with  hydrogen  in  30  ml 
of  water.  The  amount  of  hydrogen  absorbed  in  4  hr  was  2.4  liters,  as  compared  to  a  theoretical  2.46  liters.  The  cat¬ 
alyst  was  filtered  and  washed  with  water,  while  the  aqueous  solution  was  acidified  with  hydrochloric  acid  and  then 
evaporated  to  dryness  under  a  sli^t  vacuum  (the  residue  weighed  18. 0  g).  The  mixture  of  isomeric  alcohols  was 
separated  by  the  alternate  4-fold  recrystallization  of  their  hydrochlorides  from  anhydrous  alcohol,  and  of  the  free 
bases  from  dioxane.  We  obtained  9,72  g  (48.2*55«)  of  the  hydrochloride  widi  m.p,  311—312*,  corresponding  to  the 
Isomer  of  2-methyl-4-hydroxydecahydroquinolIne  (XII)  with  m.p.  143—144*,  and  5.35  g  (32.6*55)  of  alcohol  (XIII) 
with  m.p.  157—158  *. 
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Hydrogenation  of  the  hydrochloride  of  the  y -isomer  of  2-methyl -4-ketodecahydroquinoline  (Via).  A  solu¬ 
tion  of  27.7  g  of  hydrochloride  (Via),  m.p.  209—210*.  in  150  ml  of  water  was  hydrogenated  in  the  presence  of 
nickel  catalyst,  prepared  from  10  g  of  the  nickel-aluminum  alloy,  and  previously  saturated  with  hydrogen  in  30  ml 
of  water.  The  amount  of  hydrogen  absorbed  in  5  hr  was  3.4  liters,  as  compared  to  the  3.5  liters  required  by  theory. 
Another  28,0  g  of  hydrochloride  (Via)  was  hydrogenated  under  the  same  conditions.  The  products  from  the  two 
hydrogenations  were  combined,  the  catalyst  was  filtered  and  washed  with  hot  water,  and  the  filtrate  was  evaporated 
to  dryness,  using  a  water -jet  pump.  After  alternate  3-fold  recrystallization  of  the  mixture  of  isomeric  alcohols 
as  the  hydrochlorides  from  anhydrous  alcohol,  and  as  the  free  bases  from  dioxane,  we  obtained  21.8  g  (38.8  ^c)  of 
the  hydrochloride  with  m.p.  311  312“,  corresponding  to  the  alcohol  (XII)  with  m.p.  143-144“,  and  27,3  g  (597() 
of  the  alcohol- base  (XIII)  with  m.p.  157-158“,  neither  depressing  the  melting  point  when  mixed  with  the  proper 
specimen,  described  above.  The  residue  weighed  0.4  g  (0,9‘7<). 

Hydrogenation  of  they -isomer  of  l-benzoyl-2-methyl-4-ketodecahydroquinoline  (IVa).  A  solution  of  47,4 
g  of  the  y -isomer  (IVa),  m.p.  138—139*,  in  230  ml  of  alcohol  was  hydrogenated  in  the  presence  of  nickel  cata¬ 
lyst,  obtained  from  10  g  of  the  alloy.  The  amount  of  hydrogen  abosrbed  after  shaking  for  16  hr  was  3.6  liters,  and 
then  a  similar  portion  of  the  catalyst  was  added  to  the  hydrogenation  flask,  after  which  the  hydrogenation  was  end¬ 
ed  in  1.5  hr.  The  calculated  amount  of  hydrogen  (4.5  liters)  was  absorbed.  The  catalyst  was  filtered  and  washed 
with  alcohol.  After  complete  removal  of  the  solvent,  followed  by  recrystallization  of  the  dry  residue  from  acetone, 
we  obtained  21.8  g  (45.7‘f)  of  l-benzoyl-2-methyl-4-hydroxydecahydroquinoline  with  m.p.  133—134“,  corres¬ 
ponding  to  the  alcohol -base  (XIII)  with  m.p.  157—158“,  and  not  depressing  the  melting  point  when  mixed  with 
the  above-described  specimen.  The  remainder  of  the  isomers  (25.1  g)  was  saponified  using  a  large  excess  of  10°1(> 
hydrochloric  acid,  and  here  the  saponification  went  very  slowly  and  with  much  tar  formation.  After  the  heating, 
the  benzoic  acid  was  separated,  the  aqueous  solution  was  evaporated  to  dryness,  and  the  mixture  of  isomers  was 
separated  in  the  manner  described  above.  We  obtained  3. 2  g  of  the  hydrochloride  of  alcohol  (XII)  with  m.p.  311— 
312“,  and  4.8  g  (16.2%)  of  alcohol  (XIII)  with  m.p.  157—158*.  The  total  yield  of  isomer  (XIII)  (m.p.  157—158*) 
from  the  hydrogenation  was  61. 9%. 

Hydrogenation  of  the  g -isomer  of  1-benzoyl -2-methyl -4-ketodecahydroquinoline  (Vb).  A  solution  of  20. 0 
g  of  the  5 -isomer  (Vb),  m  p  117  —  118“  in  160  ml  of  alcohol  was  hydrogenated  on  nickel  catalyst,  prepared  from 
10  g  of  the  alloy,  and  previously  saturated  with  hydrogen  in  30  ml  of  alcohol  The  calculated  amount  of  hydrogen 
(1.95  liters)  was  absorbed  after  shaking  for  3  hr.  Another  20  g  of  ketone  (Vb)  was  hydrogenated  under  the  same 
conditions.  The  products  from  the  two  hydrogenations  were  separated  from  catalyst,  and  then  were  recrystallized 
from  alcohol.  We  obtained  37.4  g  (92.3%)  of  (XVI)  with  m.p.  182—183“,  being  the  derivative  of  alcohol  (XIV) 
with  m.p.  114—115“  (see  below).  The  residue  from  the  recrystallization  weighed  1.4  g. 

Found  %:  N  5.50,  5.36.  Ci-^2302N-  Calculated  %:  N  5.13. 

Benzoylation  of  l-benzoyl-2-methyl-4-hydroxydecahydroquinoline  (XVI).  A  mixture  of  40  g  of  (XVI),  m.p. 
182—183“,  and  41  g  of  benzoyl  chloride  was  heated  for  20  min  at  135—140  “  until  the  evolution  of  hydrogen  chlo¬ 
ride  ceased.  The  excess  benzoyl  chloride  was  distilled  off  using  a  water-jet  pump,  while  the  crystalline  residue 
was  washed  with  ether  and  then  recrystallized  from  alcohol.  We  obtained  22,7  g  (50.2%)  of  the  hydrochloride  of 
the  benzoate  of  2 -methyl -4-hydroxydecahydroquinoline  (XVIII)  with  m.p.  303—305“. 

Found  %;  N  4.87,  4.67.  C17H2P2NCI.  Calculated  %:  N  4.52. 

A  solution  of  16. 7  g  of  the  hydrochloride  of  benzoate  (XVIII)  in  water  was  decomposed  with  aqueous  sodium 
hydroxide  solution.  The  free  base  was  extracted  with  ether,  then  dried  over  sodium  sulfate,  and  after  removal  of 
the  solvent,  it  was  recrystallized  from  acetone.  We  obtained  13.34  g  of  benzoate  (XVIII)  as  tiny  transparent  plates 
with  m.p.  75—76“. 

Found  %:  C  74.68,  74.46;  H  8.59,  8.39;  N  5.57,  5.72.  C„H2302N.  Calculated  %:  C  74.66;  H  8.48;  N 

5,12. 

The  picrate  was  obtained  as  fine  needles  with  m  p.  216—217 "  (from  alcohol). 

Found  %:  C  54.98,  54.70;  H  5.31,  5,83;  N  11.23,  10.92.  Calculated  %:  C  54,97;  H  5,21; 

N  11. 15. 

From  the  ether  solution,  obtained  in  washing  the  benzoate  (XVIII)  hydrochloride  with  m  p.  303—305“,  after 
removal  of  the  solvent  and  recrystallization  of  the  residue  from  benzene,  we  obtained  13. 3  g  of  benzoate  (XVII) 
with  m.p.  123—125“. 
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Found  %:  N  3.58,  3.77.  C24Hj,OjN.  Calculated  %:  N  3.71. 

Saponification  of  the  benzoate  of  2-methyl -4 -hydroxydecahydroqulnoline  (XVIII).  A  mixture  of  1.45  g  of 
benzoate  (XVIII),  m.p,  75—76*,  and  2.3  g  of  KOH  In  77  ml  of  alcohol  was  refluxed  for  1  hr.  The  cooled  solution 
was  acidified  with  hydrochloric  acid,  the  potassium  chloride  was  filtered,  and  the  alcohol  was  distilled  off  under 
a  slight  vacuum,  after  which  the  residue  was  dissolved  in  water,  and  the  solution  washed  with  ether  and  then  de¬ 
composed  with  potassium  carbonate.  The  free  base  was  extracted  with  ether,  dried  over  sodium  sulfate,  and  after 
removal  of  the  ether.  It  was  recrystallized  from  acetone  We  obtained  0.84  g  of  isomer  (XIV)  with  m.p.  114—115  * 

Found ‘1^:  0  71.34,  71.30;  H  11.28.  11.18;  N  0.05  8.09.  CjoHiiPN.  Calculated  %:  C  70.96;  H  11.31; 

N  8.28. 

The  hydrochloride  was  obtained  as  clusters  of  plates  with  m.p.  278—279*  (from  alcohol  by  precipitation 
with  ether). 

Found  N  6.85,  7.03.  CjoHjoGNCl.  Calculated  %:  N  6.81. 

The  picrate  was  obtained  as  fine  needles  with  m.p.  160—161*. 

Found  %:  N  13.82,  ia51.  C16H22O8N4.  Calculated  %  N  14.06. 


SUMMARY 

A  study  was  made  of  the  reduction  of  the  y -isomer  of  2-methyl-4-ketodecahydroquinoline,  its  benzoyl  de¬ 
rivative,  and  the  benzoyl  derivative  of  the  5  -isomer.  Three  of  the  four  theoretically  possible  racemates  of 
2- methyl- 4- hydroxydecahydroqulnoline  were  obtained. 
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A  NEW  METHOD  OF  SYNTHESIZING  MACROCYCLIC  COMPOUNDS 
I.  CYCLIZATION  OF  w-THIENYLALKANOIC  ACID  CHLORIDES 
TO  MACROCYCLIC  KETONES  OF  THE  THIOPHENE  SERIES 
AND  PREPARATION  FROM  THEM  TO  HIGHER  CYCLOALKANONES 

Ya.  L.  Gol’dfarb,  S.  Z.  Taits,  and  L.  I.  Belen'kii 
N,  D.  Zelinskii  Institute  of  Organic  Chemistry  of  the  Academy  of  Sciences,  USSR 


The  high  reactivity  of  the  thiophene  ring,  and  especially  of  its  a -positions,  makes  it  comparatively  easy  to 
synthesize  various  thiophene  derivatives  from  which  aliphatic  compounds  of  different  types  can  be  prepared  by  re¬ 
ductive  desulfurization  with  Raney  nickel  [1-13].  In  the  present  work  it  has  been  shown  that  the  principle  men¬ 
tioned  can  be  employed  also  for  synthesis  of  many- membered  alicyclic  compounds. 

The  Importance  of  some  of  the  macrocyclic  compounds,  especially  the  ketones  and  lactones,  as  valuable 
perfume  materials  is  well  known.  Recently  the  investigation  of  compounds  with  large,  and  particularly  interme¬ 
diate  rings  has  provided  interesting  material  for  theoretical  organic  chemistry  (cf. ,  for  example,  [14]).  We  also 
should  point  out  recent  data  indicating  the  unusual  role  of  some  macrocyclic  compounds  as  carriers  for  important 
biological  functions  (cf. ,  for  example,  [15]).  In  spite  of  the  considerable  success  achieved  in  their  synthesis  as  a 
result  of  the  use  of  new  methods,  for  example  acyloin  condensation  [16],  macrocyclic  compounds  are  still  not 
very  readily  available;  this  is  in  considerable  degree  due  to  the  difficulty  of  obtaining  the  bifunctional  derivatives 
necessary  for  cyclization. 

Starting  with  thiophene,  it  is  possible  to  arrive  at  such  cyclic  systems  in  two  ways:  1)  by  the  preparation 
from  it  of  derivatives  of  bifunctional  long-chain  aliphatic  compounds  that  can  be  closed  to  form  macrocycles  by 
methods  already  known  (cf. ,  for  example,  [4,5]);  2)  by  the  synthesis  of  bi-  or  polycyclic  compounds  including 
thiophene  rings  and  subsequent  removal  of  the  sulfur  atoms,  which  play  the  role  of  a  "bridge"  in  such  systems  [17]. 
The  second  path  offers  the  possibility  of  utilizing  the  aromatic  nature  of  the  thiophene  ring  not  only  for  the  sub¬ 
sequent  introduction  of  various  substituents,  which  in  case  of  necessity  can  be  protected  on  hydrogenolysis,  but 
also  for  accomplishing  the  cyclization  process  itself.  In  particular,  in  this  wotR  we  employed  intramolecular  acyl¬ 
ation  by  the  Friedel -Krafts  method,  which  yielded  macrocyclic  ketones  of  the  thiophene  series,  which  could  then 
be  converted  to  higher  cycloalkanones.  The  application  of  this  second  route  to  the  ketones  that  we  had  in  mind 
is  illustrated  in  Scheme  1, 

It  is  easy  to  see  that  the  ring  with  the  maximum  number  of  members  (for  a  given  length  of  chain  introduced) 
is  formed  by  process  A,  since  in  this  case  inclusion  in  the  ring  of  all  four  carbon  atoms  belonging  to  the  thiophene 
nucleus  is  guaranteed. 

If  we  judge  from  the  data  in  the  literature,  compounds  of  structure  (I)  had  not  been  prepared  until  recently 
and  only  one  macrocyclic  compound  of  another  type  including  two  thiophene  rings  [18]  had  been  described,  and 
its  structure  was  not  indicated.  On  the  contrary,  for  the  benzene  and  naphthalene  series  a  considerable  number  of 
systems  are  known  that  are  similar  or  close  to  (1)  and  (II),  having  their  first  and  fourth,  or  first  and  second  carbon 
atoms  of  the  aromatic  nucleus  connected  with  an  aliphatic  chain,  which  may  carry  a  functional  group.  For  the 


•Here  and  below  we  have  in  mind  thienyl- 2, 


3526 


Scheme  1 


COCl 


-.JJm  „C0Cl 


_ ^(CHjj^COCl 

~^r'A^Xr» 


I - 1 

CO 


A 

►  R-CHj-CMj-CH 

CHj 

C0-{CH*)^ 

r'-CHj-CH  — CH-CHj-R” 


synthesis  of  such  compounds  various  methods  have  been  used,  for  example,  pyrolysis  of  cerium  salts  of  dlcarboxyl- 
Ic  acids  [19],  condensation  of  dinitriles  [20],  and  acyloin  condensation  [ 21],  In  addition,  the  Wurtz  synthesis  [22,23] 
and  Intramolecular  acylation  [24-26]  have  been  employed.  The  yields  from  these  reactions  depend  on  the 
size  of  the  cycles  formed  in  the  reaction,  amounting  to  20—70%  in  case  of  the  formation  of  an  8-membered  ring 
and  rings  with  more  than  14—16  atoms,  including  in  this  number  2  atoms  of  the  benzene  ring  for  ortho-  and  4  for 
para -closing. 

Compounds  of  type  (II),  in  which  n  =  3  and  4,  have  been  described  by  Fieser  and  Kennelly  (n  =  3,  R  =  H) 

[27]  and  those  with  a  7-membered  ring  (n  =  4,  R  =  H  or  alkyl)  by  Cagniant  and  Cagniant  [28],  who  synthesized  • 
them  in  good  yield  by  intramolecular  acylation.  The  latter  authors  also  succeeded  in  preparing  a  compound  with 
an  8-membered  ring  (II,  n  =  5,  R  =  C2H5)  [29],  but  with  only  an  8%  yield  of  the  ketone.  It  is  interesting  to  note 
that  their  attempts  to  synthesize  a  ketone  with  a  5-membered  ring  (II,  n  =  2,  R  =  H)  were  unsuccessful  [  30]  •  •  In 
the  instances  mentioned  here  carbon  bisulfide  was  used  as  the  solvent  and  stannic  chloride  as  the  condensing  agent; 
use  of  aluminum  chloride  instead  of  the  latter,  it  appears  from  the  data  of  Cagniant  and  Cagniant  [29] ,  was  im¬ 
possible  because  of  its  destructive  action  on  thiophene  compounds. 

For  us,ketones  of  type  (II)  were  of  most  interest  in  connection  with  our  established  goal  Considering  the 
greater  reactivity  of  the  a -position  of  the  thiophene  ring  in  comparison  with  the  0 -position,  it  might  be  assumed 
that  with  the  proper  length  of  chain  the  closure  on  acylation  (cf.  Scheme  1)  would  go  in  the  direction  of  the  ke¬ 
tones  represented  by  (I)  and  not  (II).  Success  therefore  depended  on  whether  it  was  possible  to  limit  intermolecu- 
lar  reaction.  Having  this  fact  in  view,  we  decided  to  employ  the  method  of  acylation  in  benzene  in  the  presence 
of  stannic  chloride  [31]  and  to  use  an  apparatus  adapted  to  carrying  out  the  process  at  high  dilution  and  apply  a 
small  vacuum  to  lower  the  reaction  temperature.  The  first  experiments  were  set  up  with  6-thienylcaproic  acid 
chloride.  However,  instead  of  the  expected  ketone  (II,  n  =  5,  R  =  H)we  were  able  to  isolate  only  a  very  insigni¬ 
ficant  amount  of  a  product  of  reaction  with  two  molecules  cf  acid  chloride,  the  diketone  structure  of  which  (III, 
n  =  5)  (cf.  Scheme  2)  follows  from  the  fact  that  on  hydrogenolysis  of  it  the  previously  described  cycloeicosanedl- 
one-1,11  (IV,  n  =  5)  was  obtained. 

The  lack  of  success  in  this  case  could  be  explained  by  the  fact  that  stannic  chloride,  because  of  its  volatil¬ 
ity,  was  in  the  gaseous  phase  and  elicited  a  reaction  before  the  attainment  of  the  necessary  dilution;  therefore, 
in  the  subsequent  experiments  it  was  replaced  by  aluminum  chloride  dissolved  in  sulfuric  ether.  The  presence  of 
the  latter  deactivated  the  AlCls  to  some  extent  and  also  weakened  its  destructive  action;  we  were  able  to  satisfy 
ourselves  of  this  by  the  example  of  the  acylation  of  thiophene  with  the  acid  chloride  of  the  monoethyl  ester  of 
adipic  acid,  which  proceeded  without  appreciable  tar  formation.  But  even  with  such  an  experimental  set-up,  9- 
thienylpelargonlc  acid  chloride  formed  only  an  insignificant  amount  of  the  product  of  type  (III)  (n  =  8).  Under 


•However,  not  as  starting  materials  for  the  preparation  of  alicyclic  compounds. 

•  •Similar  compounds  of  the  benzene  series  with  5-  and  8-membered  rings  are  obtained  in  high  yields  [24].  Ob¬ 
viously  the  geometry  of  the  thiophene  ring  differs  essentially  from  that  of  benzene. 
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these  same  conditions  lO-thienylcapric  acid  chloride  gave  the  diketone  (III,  n  =  9)  in  17*70 yield.  Similar  dike- 
tones,  contrary  to  expectations,  were  obtained  in  somewhat  better  yields  without  the  use  of  the  high -dilution  tech¬ 
nique  by  cyclization  in  benzene  with  the  aid  of  stannic  chloride  at  5". 


Scheme  2 


By  the  action  of  Raney  nickel  on  the  above-mentioned  diketones  (III,  n  =  8  and  9)  we  obtained  the  corres¬ 
ponding  cyclohexacosanedione-1,  14  (IV,  n  =  8)  and  cyclooctacosanedione-1,  15  (IV,  n  =  9),  thus  establishing  the 
structures  of  the  former  two  compounds.  Supplementary  confirmation  of  the  structure  of  the  cyclization  product 
of  10-thienylcapric  acid  was  found  in  the  fact  that  its  reduction  by  the  method  of  Kizhner  and  subsequent  hydro- 
genolysis  of  the  reduction  product  (V)  produced  the  previously  described  cyclooctacosane  (VI).  Hydrogenolysis 
was  carried  out  by  heating  with  Raney  nickel  (2-3  hours  at  30-50  “)  prepared  according  to  [32],  and  employing  as 
the  solvent  in  all  cases  a  mixture  of  benzene  and  ethanol  to  which  acetone  was  added  if  it  was  necessary  to  stop 
the  reaction  at  the  stage  of  the  formation  of  the  cycloalkanone.  Under  such  conditions  the  yields  of  the  macrocy- 
clic  ketones,  calculated  on  the  basis  of  the  thiophene  ketones,  amounted  to  70—90%  .It  is  known  [33]  that  acetone 
suppresses  the  reduction  by  Raney  nickel  of  the  carbonyl  group  to  hydroxyl;  however,  as  can  be  seen  in  our  experi¬ 
ments,  an  excess  of  acetone  noticeably  deactivates  Raney  nickel  and  may  slow  down  the  reaction. 


It  was  of  interest  to  find  out  which  factor— the  magnitude  of  the  ring  that 
was  formed  or  the  comparative  reactivity  of  the  a -position  of  the  ring— was  of 
predominant  significance  in  reactions  of  •<i>-thienylalkanoic  acid  chlorides.  In  jq  Hershbet] 
other  words,  will  intermolecular  condensation  (at  the  expense  of  a -hydrogen  at-  funnel 
oms)  OT  intramolecular  condensation  (as  a  result  of  replacement  of  0  -hydrogen 
atoms)  take  place,  if  as  a  result  of  the  latter  process  a  more  thermodynamically 
advantageous  6-  or  7-membered  ring  can  be  formed.  To  clarify  this  question 
we  studied  the  behavior  of  the  acid  chlorides  of  4-thienylbutyric  and  5-thienyl- 
valeric  acids  under  conditions  similar  to  those  mentioned.  In  this  study  we  ob¬ 
tained  good  yields  of  the  previously  described  ketones  (II,  R  =  H,  n  =  3  and  4) 
with  6-  and  7-membered  rings.  •  These  data  permit  the  statement  that  the  be¬ 
havior  of  the  acid  chlorides  referred  to  under  the  conditions  of  the  condensation 
reaction  is  determined  first  of  all  by  steric  factors,  and  particularly  depends  on 
the  possibility  of  ring  formation. 


To  reflux 
condenser 

/ 


To  reaction 
flask 


In  the  experiments  described  above,  instead  of  products  of  intramolecular 
ring  closure  of  type  (I)  we  obtained  tricyclic  compounds  of  type  (III).  Inasmuch, 
however,  as  benzene  analogs  of  systems  of  type  (I)  had  been  described  by  Huis- 

gen  [24],  who  synthesized  them  from  the  corresponding  acid  chloride  in  the  heterogeneous  system  AICI3— CSj,  it 


•It  should  be  noted  that  thiophenocycloheptanone  was  obtained  in  our  experiments  in  a  yield  1.5  times  higher  than 
that  described  in  the  literature  [28]. 
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seemed  expedient  to  disregard  the  considerations  stated  by  Cagniant  and  Cagniant  [30]  and  to  set  up  a  similar  ex¬ 
periment  with  one  of  the  acid  chlorides  of  the  thiophene  series  that  have  been  mentioned.  Actually,  when  we 
cycllzed  10 -thienylcapric  acid  chloride  under  these  conditions,  we  obtained  the  monoketone  (I,  n  =  9)  although 
the  yield  (IS'yr)  still  was  meager.  By  hydrogenolysis  of  this  ketone  we  obtained  the  cyclotetradecanone  (VII),  thus 
confirming  the  structure  of  the  former.  Since  in  this  last  case  acylation  probably  takes  place  on  the  surface  of  the 
solid  AlCl),  it  seemed  expedient  to  carry  out  the  reaction  in  the  presence  of  an  agent  with  a  well  developed  sur¬ 
face.  Such  a  condensing  agent  was  prepared  by  the  gradual  addition  of  an  ether  solution  of  AlCls  to  boiling 
carbon  bisulfide;  when  this  was  done,  a  very  fine  suspension  separated  out,  and  the  acid  chloride  was  added  to 
this  with  the  aid  of  a  device  depicted  in  the  figure,  which  guaranteed  conditions  of  high  dilution. 

In  the  experiment  with  10 -thienylcapric  acid  chloride  a  sharp  increase  in  the  yield  (up  to  of  the  ke¬ 

tones  (I,  n  =  9)  and  (III,  n  =  9)  was  attained  at  once,  the  yield  calculated  as  the  former  amounting  to  40%.  This 
result  indicates  the  value  of  such  a  cyclization  technique  fw  the  preparation  of  macrocyclic  compounds  including 
a  thiophene  ring.  In  subsequent  communications  we  will  consider  the  problem  of  the  specific  properties  of  the 
condensing  agent  employed  and  the  effect  of  the  length  of  the  carbon  chain  of  the  u> -thienylalkanoic  acids  on  the 
character  and  yield  of  the  products. 

Nomenclature  of  macrocyclic  compounds  containing  thiophene  rings.  The  nomenclature  of  the  bridged  poly¬ 
cyclic  systems  to  which  the  macrocycles  of  the  thiophene  series  that  we  have  prepared  belong  has  been  inade¬ 
quately  developed  and  sometimes  leads  to  very  complex  names.  For  example,  according  to  the  Bayer -Patterson 
system  the  diketone  (III,  n  =  5)  prepared  by  us  would  be  called  21,22-dithiatricyclo-(16,  2,  1,  1*’  ^^)-docosatetra- 
ene-8,  10,  18,  20-dione-2,  12.  Therefore  we  propose  to  introduce  a  simplified  nomenclature  and  by  analogy  with 
similar  compounds  of  the  benzene  series  [23,  26]to  call  materials  in  whose  molecules  the  oc -positions  of  one  or 
several  thiophene  rings  are  joined  with  short  polymethylene  chains  a-cyclothienes.  Compounds  in  which  the  poly¬ 
methylene  chains  are  between  0 -positions  or  ot-  and  0 -positions  will  be  called  0 -cyclothienes  or  a,  0-cyclothi- 
enes,  respectively.  Before  the  name,  in  square  brackets,  will  stand  figures  that  show  the  number  of  methylene 
groups  in  each  of  the  bridges,  and  in  the  name  will  be  indicated  the  number  of  thiophene  rings.  Thus,  the  name 
of  the  product  (V,  n  =  9)  should  be  [10,  10]-a-cyclodithiene.  A  compound  of  structure  (A)  will  be  called  (m-ot, 
a;  n-  0,  0*)-cyclodlthiene.  If  the  cyclothiene  is  a  dithienyl  derivative,  for  example  (B),  then  one  of  the  figures 
will  be  O—  [x,  0]-a-cyclodithiene. 


All  of  the  carbon  atoms  are  numbered  in  succession  around  the  contour,  starting  with  the  end  atom  of  the 
longest  chain  next  to  the  least  substituted  thiophene  ring. 


19 

18 


18  3  9  5  6, 

S  S  J 

IS  15  19  13  It  11 


■  R 


In  the  presence  of  substituents  the  name  is  formed  according  to  the  general  rule;  for  example,  the  name 
of  (III,  n  =  5)  will  be  [6,  6]-a-cyclodithienedione-l,  11  and  that  of  (1,  n  =  9)  will  be  [10]-a  "cyclothienone-l. 
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EXPERIMENTAL 


ithesls  of  starting  t*>"thtenylalkanoic  acid  chlorides  was  carried  out  according  to  the  general  scheme: 


0  +  ClCO(CH2)mGOOR  II  I 

m  =  2,  J.  R  =  CIIj  \S' 


-C0(CIl2),„C00R 


m  =  4,  7,  8,  R  =  C,»6 


\  g  /  (CH2)»i+iCOO  H  l[g  J — (CH2)«i+iC0C1 


The  methyl  acid  esters  of  succinic  and  glutaric  acids  were  prepared  by  the  action  of  methanol  on  the  cor¬ 
responding  anhydrides;  the  ethyl  acid  esters  of  adipic,  azelaic,  and  sebacic  acids  were  prepared  by  transesterifi¬ 
cation  by  means  of  prolonged  boiling  of  a  mixture  of  the  acid,  its  diethyl  ester,  and  ethanol  in  the  presence  of 
hydrochloric  acid  [34].  By  treatment  of  the  acid  esters  with  thionyl  chloride  ±e  acid  chlorides  were  obtained, 
which  were  then  reacted  with  thiophene  in  benzene  medium  in  the  presence  of  stannic  chloride  at  a  temperature 
of  about  +5*,  yielding  on  the  order  of  70% of  the  corresponding  ketoesters.  By  reduction  by  the  Kizhner  method 
as  modified  by  Huang-Minlon  [35],  the  ■ketoesters  were  converted  in  yields  above  90%(except  for  4-thienylbutyric 
acid,  where  the  yield  was  81%)  to  the  corresponding  w- thienylalkanoic  acids,  which  were  treated  with  thionyl 
chloride  in  absolute  ether  (cf.  [27])  to  obtain  the  acid  chlorides.  After  the  ether  and  excess  thionyl  chloride  were 
removed,  the  acid  chlorides  were  distilled  and  sometimes  were  used  without  further  purification.  The  constants 
and  yields  of  the  starting  materials  prepared  by  us  and  the  intermediate  compounds  are  given  in  Tables  1-3. 

Experiment  on  the  intramolecular  acylation  of  6-thienylcaproic  acid  chloride  in  benzene  in  the  presence  of 


SnCU  and  using  a  high  dilution  technique.  The  apparatus  consisted  of  a  two-liter,  three-necked  reaction  flask 


fitted  with  a  stirrer  with  a  seal,  a  thermometer,  and  a  reflux  condenser,  the  latter  connected  at  the  top  with  a 
dropping  funnel  and  a  descending  condenser  set  in  a  two-necked  flask  to  the  second  neck  of  which  was  attached 
a  vacuum  line.  1  liter  of  dry,  thiophene -free  benzene  was  placed  in  the  reaction  flask  and  about  150  ml  of  it 
was  distilled  off  to  free  the  glass  apparatus  from  traces  of  moisture.  39  g  of  stannic  chloride  was  added  to  the 
flask  with  the  aid  of  a  water  pump  and  a  manostat  that  maintained  a  pressure  of  75—80  mm  in  the  apparatus,  the 
benzene  was  brought  to  boiling  (b.p.  23*),  and  a  solution  of  20.45  g  of  6-thienylcaproic  acid  chloride  in  700  ml 
of  benzene  was  added  slowly  through  the  reflux  condenser.  Because  of  the  presence  of  some  stannic  chloride  in 
the  benzene  vapors,  the  reflux  condenser  was  covered  inside  with  a  red  film  of  complex.  The  solution  gradually 
became  red.  Addition  of  the  acid  chloride  took  31  hours.  The  reaction  mixture  was  stirred  for  an  hour  more, 
after  which  about  650  ml  of  benzene  was  distilled  off  and  die  complex  was  decomposed  with  dilute  (1:10)  hydro¬ 
chloric  acid  at  a  temperature  not  higher  than  +10  ".  1250  ml  of  acid  and  800  ml  of  benzene  were  added,  but  the 
product  obtained  after  breakdown  of  the  complex  dissolved  only  partially  in  the  benzene.  After  11  hours  of  stirring 
at  room  temperature,  the  benzene -insoluble  material  (13.25  g)  was  separated  off.  From  the  benzene  solution  a- 
bout  2  g  of  another  product  was  separated.  Upon  treatment  with  ether,  an  ether -insoluble  fraction  was  separated 
from  it  (about  1  g),  by  repeated  crystallization  of  which  from  alcohol  and  dioxane  0.5  g  of  [6,  6]-ot-cyclodithi- 
enedione-1,  11  was  obtained  with  m.p.  141—142.5*. 

Found  %:  C  66.74,  66.86;  H  6.71,  6.83;  S  17.34;  17.54;  M  (by  Rast  method)  350,  388.  C20H2P2S2.  Calcu¬ 
lated  %:  C  66.60;  H6.74;  S  17.78.  M  360.54. 

When  the  experiment  was  repeated  but  the  acylation  was  carried  out  in  ether  with  Aids  (for  method,  see 
below)  we  were  not  able  to  isolate  the  compound  with  m.p.  141—142.5*  in  the  pure  state.  As  regards  the  ether- 
soluble  fraction  of  the  product,  it  contained  mainly  6-thienylcaproic  acid,  which  was  obtained  by  hydrolysis  of 
the  unreacted  acid  chloride. 

Intramolecular  acylation  in  ether  in  the  presence  of  AlCl*  1.  Cyclization  of  O-thienylpelarsonic  acid 


chloride.  The  apparatus  for  the  cyclization  consisted  of  a  3.5  liter  three-necked  flask  fitted  with  a  stirrer  with  a 
mercury  seal,  a  thermometer,  and  a  cap  for  carrying  out  the  reaction  under  conditions  of  high  dilution  (see  figure). 
To  the  cap  were  connected  a  reflux  condenser  and  a  Hershberg  funnel  for  slow,  uniform  delivery  [38],  both  of  which 
were  equipped  with  calcium  chloride  tubes.  In  the  reaction  flask  was  placed  a  solution  of  17  g  of  anhydrous  AICI3 
in  1  liter  of  absolute  ether,  the  ether  was  brought  to  boiling,  and  in  the  course  of  28.5  hours  1  liter  of  an  ether  so- 
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TABLE  1 


Esters  of  w-  Thienylalkanolc  Acids  (VIII) 


(VIII) 

Boiling  point 
(pressure  in 
mm) 

Yield, 
:alc.  on 

tn 

n  1 

d,” 

thiophene 
;in  ia) 

2 

CM, 

173—174®  (1.5) 

1..5433 

67 

:i 

GIL) 

16.5—168  (7) 

1..5373 

— 

72.5 

A 

Galls 

163—166  (2) 

1.5236 

1.1354 

67 

7 

Calls 

181—182  {2( 

1.5104 

1.0767 

71 

■8 

Czth 

184-18.5  (1) 

1..5065 

1.0618 

63 

Literature  data 


15.  p.  174*  (16  mm),  nfj  1.5437  [361 
B.  p.  173*  (11  mm),  nj?  1.5377,  d!" 

1.1943  [36J  ^ 

B.  p.  185-186’  (12  mm),  nj)®  1.5236. 

^®  1.1328  [36]  ,,  . 

B.  p.  224.5-226*  (10  mm),  Hq 
1.5116,  df  1.082  [301 
B.  p.  230*  (12  mm);  nip  1.5058 
d^®  1.064  [37] 


TABLE  2 


w-  Thienylalkanolc  Acids  (DC) 


(IX) 

m 

Boiling  point 
(mmHg) 

Melting 
poi  nt 

Yield, 
calc,  on 
(VIII) 
-jCii£?o) 

Literature  data 

2 

172—174°  (20)* 

81 

B.  p.  168*  (14.5  mm)  nfj  1.5317  [36] 

3 

16.3—164  (9) 

39-41° 

96.5 

B.  p.  17r  (14  mm),  m.p.  41-43*  [36. 

4 

— 

41—41.5 

93 

B.  p.  201*  (19  mm), m.p.  40*  [37] 

7 

— 

.35.5—36 

94 

3.  D.  217*  (io*2  mm),  m.p.,  3^  [30] 

8 

171—173  (1) 

33—33.8 

94** 

B,  p.  222*  (9.8  mm),  m.p.  25.5*  [30] 

•n^  1.5305. 

*  •  Found  %  C  66.01,  65.98;  H  8.67,  8.66;  S  12.28,  12.34.  Ci4Ha02S.  Calculated 
C  66.10;  H  8.72;  S  12.60.  Neutr.  equiv.  255.3;  Calc.  254.39. 

TABLE  3 


w-  Thienylalkanolc  Acid  Chlorides  (X) 


(X) 

m 

boiling  point  I 

(pressure  in  mm) 

Yield, 
calc,  on 
(IX)  (in 

1o) 

Boiling  point  according  to  literature  data 

2 

102—104°  (0.7) 

90.5 

I()4_n0°f2  mm)  [27] 

3 

102— If >5  (0.7) 

76.5 

125  (4  mm)  [28] 

4 

120— 122  (0..5) 

84* 

147  (7.5  mm)  [37] 

7 

142-146  (1> 

87 

165(3.2  mm)  [30] 

8 

163-165  (2| 

92 

1 

Decomposes  upon  distillation  [37] 

•  no”  1.5234,  d4*®  1.1443,  MRp  57.90;  Calc.  57.65. 
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lution  of  the  acid  chloride  prepared  from  18  g 
of  9-thienylpelargonic  acid  was  added  through 
the  Hershberg  funnel.  During  this  process  the 
acid  chloride  solution  was  mixed  with  the  con¬ 
densate  flowing  from  the  reflux  condenser  and 
was  continuously  fed  in  dilute  form  through  the 
surrounding  tube  into  the  reaction  flask.  At  the 
end  of  the  addition  of  the  acid  chlOTide  the  re¬ 
action  mixture  was  treated  with  50  ml  of  concen¬ 
trated  HCl  in  500  ml  of  a  mixture  of  finely 
crushed  ice  and  water.  The  ether  solution  was 
separated  from  the  aqueous  layer  and  the  poly¬ 
mer  (the  latter  in  the  main  remained  on  the 
walls  of  the  flask)  was  washed  with  sodium  car¬ 
bonate  solution,  then  with  water,  and  was  dried 
with  magnesium  sulfate.  The  weight  of  the  res¬ 
idue  after  distillation  of  the  ether  was  0.93  g. 
After  repeated  crystallization  from  alcohol, 

0.15  g  (0.9®i(>)  of  [9,  9]-a“cyclodithienedione- 
1,  14  was  obtained  with  m.p.  82—83.5“.  • 

Found  7o:  C  70.03,  69.96;  H  8.29,  8.15; 

5  14.61,14.46.  Calculated  C 

70.22;  H8.16;  5  14.42. 

2.  Cyclization  of  10-thienylcapric  acid 
chloride  was  carried  out  in  a  manner  similar  to 
the  preceding  experiment.  From  13  g  of  the  ac¬ 
id  was  obtained  about  1  g  of  [10,10]- ot-cyclo- 
dithienedione-1,15  with  m.p.  99.5—101*  (from 
heptane).  About  half  of  the  starting  acid  (about 

6  g)  was  isolated  unchanged.  The  yield  of  ke¬ 
tone  based  on  the  acid  used  was 

Found  C  70.84,  70.96;  H  8.61,  8.55; 

5  13.37,  13.12.  C2gtl^0252.  Oalculated  C 
71.13;  H  8.53;  5  13.57. 

Cyclization  of  -thienylalkanoic  acid 
chlorides  in  benzene  in  the  presence  of  5nCU 
without  use  of  the  high  dilution  technique.  In 
a  4-necked  flask  fitted  with  a  stirrer  with  seal, 
dropping  funnel,  calcium  chloride  tube,  and 
thermometer, was  placed  a  solution  of  stannic 
chloride  (0.1—0.15  mole)  in  500  ml  of  dry,  thio¬ 
phene-free  benzene  and  a  solution  of  the  acid 
chloride  (0.04—0.09  mole)  in  500  ml  of  dry  ben¬ 
zene  was  added  slowly,  drop  by  drop,  while 
stirring  and  at  a  temperature  of  4— 6“.  The  mix¬ 
ture  was  stirred  for  1  hour  at  room  temperature 
and  either  left  to  stand  overnight  or  immediate¬ 
ly  decomposed  with  100  ml  of  dilute  (1:10  by 
volume)  hydrochloric  acid,  while  the  tempera- 


•In  a  previous  communication  [17]  a  higher 
melting  point  was  erroneously  indicated. 
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ture  was  kept  not  higher  than  +  10  *.  The 
benzene  layer  was  separated  from  the  poly¬ 
mer,  washed  with  water,  sodium  carbonate 
solution,  and  again  with  water,  the  benzene 
was  removed,  and  the  residue  was  either  dis¬ 
tilled  or  crystallized.  The  results  of  the  ex¬ 
periments  are  given  in  Table  4. 

Reduction  of  [10,  10]-a-cyclodithiene- 
dione-1,  15  (III,  n  =  9)  by  the  Kizhner  meth¬ 
od.  0.9  g  of  uncrystallized  diketone  was 
dissolved  with  heating  in  15  ml  of  diethylene 
glycol  that  contained  0.7  g  of  hydrazine  hy¬ 
drate.  To  the  clear  solution  was  added  0. 73 
g  of  potassium  hydroxide;  the  mixture  was 
refluxed  for  4.5  hours  at  150—170®,  after 
which  several  drops  of  liquid  were  distilled 
off,  and  the  temperature  of  the  mixture  was 
raised  to  210—230  ®.  Boiling  was  ccxitinued 
at  this  temperature  for  5.5  hours.  The  mix¬ 
ture,  after  being  cooled,  was  diluted  two¬ 
fold  with  water,  extracted  with  ether,  and 
the  extract  was  washed  with  water  and  dried 
over  calcium  chloride.  After  the  ether  was 
distilled  off,  0.73  g  (Sl'^o)  of  unpurified  [10, 
10]-a-cyclodithiene  was  obtained  in  the 
form  of  yellowish -green  crystals,  m  p.  51.5 
—53.5*  (from  petroleum  ether  and  methyl 
cellosolve). 

Found  ir:  C75.54,  76.04;  H  9.88, 

9.98;  5  14.64,14.68.  M  417,  446.  C28H44S2. 
Calculated  %;  C  75.60;  H  9.97;  S  14.42. 
M  444.70. 

Intramolecular  acylation  of  10 -thienyl - 
capric  acid  chloride  in  carbon  bisulfide  in  the 
presence  of  aluminum  chloride  and  using  the 
high  dilution  technique  was  carried  out  in  an 
apparatus  similar  to  that  used  in  carrying  out 
the  reaction  in  ether.  In  the  flask  of  the 
apparatus  was  placed  1.4  liters  of  carbon  bi¬ 
sulfide  distilled  over  AlClyt  100  ml  of  this 
was  then  distilled  off  through  the  reflux  con¬ 
denser  (without  water)  to  dry  the  apparatus, 

40  g  of  anhydrous  AICI3  was  then  introduced 
into  the  flask,  the  carbon  bisulfide  was 
brought  to  boiling,  and  over  the  course  of  61 
hours  a  solution  of  5.5  g  of  10-thienylcapric 
acid  chloride  in  500  ml  of  carbon  bisulfide 
was  added  through  the  cap.  At  the  end  of 
the  addition  of  the  acid  chloride  the  mixture 
was  boiled  for  2  hours,  then  1  liter  of  carbon 
bisulfide  was  distilled  off,  and  the  mixture 
was  cooled  to+ 10  *  and  treated  with  1  liter 
of  dilute  hydrochloric  acid.  The  carbon  bi- 
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lulfide  layer,  after  separation  of  the  insoluble  polymer,  was  washed  with  water,  sodium  bicarbonate  solution,  and 
again  with  water  and  dried  over  magnesium  sulfate.  After  the  solvent  was  distilled  off,  1.2  g  of  an  oil  was  ob¬ 
tained  that  slowly  crystallized  on  standing  in  a  vacuum  desiccator  over  alkali.  When  the  oil  was  shaken  with  e- 
ther,  crystals  insoluble  in  edier  were  isolated  (0.1  g,  m.p.  99—101*,  gave  no  depression  in  melting  point  when 
mixed  with  a  sample  of  the  previously  prepared  III,  n  =  9).  The  residue  after  evaporation  of  the  ether  crystallized 
on  prolonged  standing.  After  these  crystals  were  pressed  out  on  a  porous  plate,  0, 6  g  (12.5%)  of  [101-a-cyclo- 
thienone-1  (1,  n  =  9)  was  obtained  with  m.p.  35.5—37.5*.  A  sample  for  analysis,  prepared  by  crystallization  from 
hexane,  melted  at  35-35.5*. 

Found  %;  0  70.66,70.64;  H  8.43,  8.54;  5  13.46,13.46.  M  232,  235.  Ci4H2oOS.  Calculated  %:  0  71.13; 
H  8.53;  S  ia57.  M  236.37. 

Oxime,  m.p.  133—134.5*  (from  aqueous  methanol). 

Found  %:  N  5.31,  5.43.  CmHjjONS.  Calculated  %:  N  5.37. 

Intramolecular  acylation  of  10-thienylcapric  acid  chloride  in  the  presence  of  finely  divided  AlClg.  In  the 
reaction  flask  was  placed  1750  ml  of  carbon  bisulfide,  and  after  100  ml  had  been  distilled  off,  15  g  of  AIOI3  in 
25  ml  of  ether  was  added,  then  parallel  with  the  addition  of  the  acid  chloride  to  the  reaction  mixture  75  ml  of  a 
solution  of  75  g  of  AIOI3  in  130  ml  of  ether  was  continuously  introduced  drop  by  drop.  A  solution  of  16.5  g  of  the 
acid  chloride  in  700  ml  of  carbon  bisulfide  was  added  over  the  course  of  60  hours.  After  the  usual  treatment  of 
the  reaction  mixture,  a  residue  was  obtained  consisting  of  about  11  g  of  a  neutral  substance  from  which  3.4  g  ( 31.4 
of  the  diketone  (III,  n=  9)  with  m.p.  100—101*  was  isolated  by  shaking  with  ether.  The  ether  solution  was 
evaporated  and  die  residue  slowly  crystallized  on  standing.  After  it  was  pressed  out  on  a  porous  plate,  3  g  of  [10]- 
-a-cyclothienone-1  with  m.p.  128.5—132*  was  obtained  (yield  of  oxime  and  its  melting  point  are  shown  for  the 
material  recrystallized  from  aqueous  alcohol).  Tlius,  the  yield  of  monoketone  (I,  n  =  9)  amounted  to  40.  6%.  In 
other  experiments  the  [10]-ct-cyclothienone-l  was  isolated  by  distillation;  b.p.  149—152*  (1  mm). 

Reductive  desulfurization  of  macrocycllc  compounds  containing  diiophene  rings.  A  solution  of  the  diiophene 
compound  in  a  mixture  of  benzene  and  alcohol  (and  acetone  in  the  case  of  ketones)  was  stirred  at  30  —50  *  with 
Raney  nickel  until  there  was  a  negative  reaction  for  sulfur  with  sodium  nitroprusside.  The  nickel  was  filtered  off, 
the  solvent  was  evaporated,  and  the  residue  was  crystallized.  The  results  of  the  experiments  are  given  in  Table  5. 

SUMMARY 

1.  By  the  use  of  intramolecular  acylation  of  w-thienylalkanoic  acid  chlorides  a  series  of  macrocyclic  com¬ 
pounds  that  included  thiophene  rings  was  prepared.  The  best  results,  adaptable  to  preparative  use,  were  obtained 
by  using  a  finely  dispersed  condensing  agent  that  was  produced  by  special  treatment  of  aluminum  chloride. 

2.  A  new  method  was  developed  for  the  preparation  of  many-membered  cycloaliphatic  compounds,  compris¬ 
ing  the  reductive  desulfurization  of  the  appropriate  macrocycles  including  thiophene  rings. 
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INVESTIGATION  FN  THE  FIELD  OF  VAPOR-PHASE  CATALYTIC  HYDRATION 


OF  ACETYLENE  AND  ITS  DERIVATIVES. 

VI.  STUDY  OF  REACTION  BETWEEN  ACETYLENE  AND  ALCOHOLS  OVER  SOLID  CATALYSTS 

Yu.  A.  Gorin  and  A.  E.  Kalaus 


In  previous  work  fl]  a  study  was  made  of  the  processes  of  addition  of  water  to  acetylene  and  some  of  its  de¬ 
rivatives  under  the  influence  of  solid  ionic  catalysts— phosphates  of  cadmium,  zinc,  and  copper— and  ideas  of  a 
possible  mechanism  for  these  reactions  were  developed.  The  object  of  the  present  investigation  was  to  study  the 
reaction  of  acetylene  with  alcohols  in  the  gaseous  phase  (also  over  solid  catalysts)  for  the  purpose  of  determining 
tfie  possibility  of  synthesis  by  such  a  method  of  vinyl  ethers,and  of  obtaining  data  that  might  broaden  our  ideas  of 
the  mechanism  of  vapor -phase  catalytic  hydration  of  acetyle.ne  to  acetaldehyde.  We  started  with  the  assumption 
that  there  should  be  a  great  similarity  between  the  reactions  of  addition  of  alcohols  and  of  water  in  the  vapor 
phase  to  acetylene  and  that  these  conversions  are  accomplished  by  an  analogous  mechanism. 

The  addition  of  water  to  acetylene  may  in  an  intermediate  stage  proceed  through  vinyl  alcohol,  CH2=CHOH 
(addition  of  one  molecule),  which  then  quickly  isomerizes  to  the  aldehyde,  or  by  way  of  the  formation  of  an  un¬ 
stable,  unsymmetrical  bivalent  alcohol  CH3— CH  (OH)2  (addition  of  two  molecules),  which  further  splits  out  a  mo-< 
lecule  of  water  and  goes  to  acetaldehyde.  In  connection  with  the  fact  that  vinyl  alcohol  and  the  bivalent  alcohol 
with  two  hydroxyls  on  one  carbon  atom  have  not  been  isolated  in  the  free  state,  proof  of  one  or  the  other  variant 
does  not  seem  possible. 

Similarly  the  addition  of  alcohols  to  acetylene  may  be  represented  by  the  scheme: 

CH=CH  -f  IIOII  — >  CH2=CI10H;  CHg  -(’.IlOll  -j-  IIOII  — ►  CHa— CH(()I1)2. 

Tlie  vinyl  ethers  and  acetals  that  are  formed  by  the  addition  to  acetylene  of  one  or  two  molecules  of  alco¬ 
hol  are  completely  stable  compounds  and  their  determination  and  identification  does  not  cause  any  difficulty. 

According  to  patent  data,  the  reaction  of  alcohols  with  acetylene  can  be  carried  out  in  the  vapor  phase  by 
passing  the  reactants  over  heated  catalysts,  zinc  or  cadmium  .'.alts  of  organic  acids  supported  on  carbon  or  pumice. 
There  also  are  indications  that  soda  lime,  calcium  oxide,  or  carbon  impregnated  with  KOH  [2]  can  be  employed 
as  catalysts  for  these  processes. 

We  prepared  and  tested  some  of  the  catalysts  mentioned  (zinc  acetate  on  activated  carbon  and  on  silica  gel 
and  KOH  on  carbon)  for  obtaining  vinyl  ethers  from  acetylene  and  ethyl  alcohol,  but  did  not  obtain  positive  re¬ 
sults;  the  maximum  yield  of  vinyl  ethyl  ether  was  7— Recalculated  on  the  acetylene  that  reacted.  Zinc  phosphate 
with  a  small  amount  of  copper  (0.8^)  added  proved  ineffective  as  a  catalyst,  since  it  caused  intensive  dehydra¬ 
tion  of  the  alcohol  with  the  formation  of  ethylene. 

Positive  results  were  obtained  with  the  catalytic  zinc  oxide,prepared  by  calcining  zinc,  proposed  by  us  for 
the  indicated  reactions  [3].  Using  this  catalyst  we  obtained  from  binary  mixtures  of  acetylene  with  ethyl,  butyl, 
and  primary  isoamyl  alcohol  as  the  primary  reaction  products  high  yields  of  the  corresponding  vinyl  ethyl,  vinyl 
butyl,  and  vinyl  isoamyl  ethers.  It  should  be  noted  that  zinc  oxide  also  is  a  catalyst  for  the  hydration  of  acetylene 
to  aldehyde  [4]. 

As  a  result  of  a  study  of  the  effect  of  various  factors  (molar  ratio  acetylene;:  alcohol,  temperature,  and 
volume  velocity  of  acetylene)  we  selected  the  optimum  conditions  for  the  formation  of  the  above-mentioned 
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TABLE  1* 


Name  of  alcohol*  • 

Temp. 

of 

expt. 

Velocity 

CjHj, 

liter,  hr/ 
liter  cat. 

Conver¬ 
sion  of 
acetylen 
(in  %) 

Yield  of  vinyl  ether, 
calc,  on  acetylene 
(in  mole  %)  ^ 

reacted 

Ethyl 

310° 

130 

49 

2.5 

.51 

n- Butyl 

320 

130 

39 

28 

72 

Isoamyl  . 

320 

270 

46 

2.5 

(54 

Yields  of  aldehyde 

Water.  .  . 

310 

130 

2.5 

5(5 

•  Average  data  from  two  experiments. 

•  •  Molar  ratio  acetylene- alcohol  1:  3; 

ethers.  Some  of  the  most  essential  results  of  the  experiments  are  given  in  Table  1.  There  also  are  given,  for  com¬ 
parison,  data  obtained  with  the  same  catalyst  in  the  hydration  of  acetylene  to  acetaldehyde.  In  the  figure  are 
shown  curves  for  relation  of  the  process  of  formation  of  the  vinyl  ethers  to  the  degree  of  conversion  of  acetylene 
(the  latter  was  changed  by  varying  the  volume  velocity  of  the  mixture  of  acetylene  and  alcohol).  From  die  course 
of  the  curves  it  can  be  seen  that  when  the  degree  of  conversion  of  the  acetylene  was  decreased  (increase  in  the 
volume  velocity  of  the  mixture),  the  yields  of  vinyl  ethers  based  on  reacted  acetylene  increased.  Thus,  the  vinyl 
ethers  are  the  primary  reaction  products  of  acetylene  and  the  alcohols. 

Along  with  its  ability  to  split  out  hydrogen  from  alcohol,  zinc  oxide  also  has  weak  dehydrating  properties 
[5],  Therefore  dehydrogenation  and  dehydration  of  the  starting  alcohols  take  place  to  some  extent  together  with 
the  formation  of  the  vinyl  ethers.  The  dehydration  reaction  is  very  undesirable,  since  the  water  evolved  promotes 
partial  hydrolysis  of  the  ether  and  formation  of  aldehyde.  Apparently  for  this  reason,  when  the  degree  of  conver¬ 
sion  of  the  acetylene  is  increased  (decrease  in  the  volume  velocity  of  the  mixture),  the  yield  of  aldehyde  increas¬ 
es  at  the  expense  of  hydrolysis  of  the  vinyl  ethyl  ether  (see  figure;  1,  3).  It  has  been  shown  that  addition  of  water 
to  the  mixture  of  acetylene  and  ethyl  alcohol  decreases  the  yield  of  vinyl  ethyl  ether  and  increases  the  yield  of 
aldehyde  as  a  result  of  hydrolysis  of  the  ether.  Vinyl  ethyl  ether  alone  at  310  *  over  zinc  oxide  breaks  down  to 
the  extent  of  14.8%  and  vinyl  butyl  ether  to  the  extent  of  7.0%,  Dilution  of  these  ethers  with  water  (1:6  and  1:  4) 
under  the  same  conditions  results  in  their  hydrolysis  to  the  extent  of  79  and  71%  respectively. 

In  experiments  on  the  preparation  of  ethers  from  mixtures  of  acetylene  with  alcohols,  besides  the  side  reac¬ 
tions  of  hydrolysis  of  the  vinyl  ethers  and  dehydrogenation  and  dehydration  of  the  alcohols,  we  also  observed  the 
formation  of  some  esters,  probably  by  ester  condensation  of  the  aldehydes.  When  the  temperature  of  the  experi¬ 
ment  was  increased  (up  to  360  * ),  there  was  a  fall  in  the  yield  of  vinyl  ethyl  ether  based  on  reacted  acetylene. 

Furthermore,  an  increase  in  the  temperature  caused  the  formation  of  a  small  amount  of  acetone,  which  was 
not  obtained  under  the  optimum  reaction  conditions  (310—320 ").  Acetals  were  not  found  in  the  reaction  products 
of  acetylene  and  the  alcohols  in  any  instance.  It  should  be  noted  that  diethyl  acetal  and  dibutyl  acetal  passed 
over  zinc  oxide  at  310—320  “  at  the  same  volume  velocity  as  the  mixture  of  acetylene  and  alcohols  broke  down 
only  to  the  extent  of  50—65%.  Thus,  the  acetals  are  stable  enough  under  the  conditions  of  the  process  studied, 
and  if  they  were  formed,  they  would  be  detected  in  the  reaction  products. 

According  to  the  ideas  developed  by  us  in  previous  communications  [1],  the  hydration  of  acetylene  over 
solid  ionic  catalysts  is  accomplished  by  the  reaction  of  the  acetylene  with  the  cation  of  the  catalyst  lattice  and 
the  formation  of  a  polar  complex  on  the  surface.  By  analogy  with  the  scheme  for  the  hydration  of  acetylene,  the 
reaction  between  acetylene  and  the  alcohols  under  the  influence  of  a  solid  ionic  catalyst,  such  as  zinc  oxide,  can 
be  expressed  in  the  following  fashion: 

Zn+  +  CH=CH  — ►  Zn...CH=CH8+  Zn+ +  CH2=Cll-OC2ll6. 
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It  is  very  probable  that  the  zinc  oxide  influences  the  process  not  only  as  a  catalyst  that  activates  the  acety¬ 
lene,  but  also  as  an  agent  to  increase  the  degree  of  polarization  of  the  alcohol  and  promote  its  reaction  with  the 
polar  acetylene  complex.  The  formation  of  the  vinyl  ethers  as  the  primary  reaction  products  from  acetylene  and 
the  alcohols  over  zinc  oxide  may  serve  as  a  basis  for  the  idea  that  vinyl  alcohol  is  an  intermediate  stage  in  the 
process  of  hydration  of  acetylene  to  acetaldehyde  under  the  influence  of  solid  catalysts. 


EXPERIMENTAL 

The  acetylene  was  first  purified  of  contaminants  by  passing  it  throu^ 
a  solution  of  sodium  hypochlorite.  Rectified  ethyl  alcohol  was  freed  of  wa¬ 
ter  over  CaO  and  contained  99.  5%  alcohol,  b.p.  78";  n-butyl  alcohol,  b.p. 
117.5—118",  d^”  0.8130;  isoamyl  alcohol  (primary),  b.p.  129—130",  d4®  = 
0.8109;  diethyl  acetal,  b.p.  101—102",  d^  0.8295  was  prepared  by  the  me¬ 
thod  of  Adkins  [6];  dibutyl  acetal,  b.p.  184—185",  df  0.8321  was  prepared 
by  the  method  of  [7];  vinyl  ethyl  ether,  b.p.  36".  dl®  0.7537,  and  vinyl  bu¬ 
tyl  ether,  b.p.  93-94",  d^®  0.7795,  were  prepared  by  the  method  of  [8]. 

The  zinc  oxide  used  as  the  catalyst  was  technical,  brand  M— 1  (obtained  by 
oxidation  of  metallic  zinc  at  ~  1300"). 

The  experiments  were  carried  out  in  a  vertical  quartz  tube  (length 
88  cm,  diameter  28  mm)  placed  in  an  electric  furnace.  A  section  of  the 
furnace  at  constant  temperature  was  loaded  witli  50  ml  of  catalyst  formed 
into  "worpis"  with  a  size  of  ~  3  mm.  The  reaction  temperature  was  measur¬ 
ed  with  a  thermocouple  placed  in  the  center  of  the  catalyst  layer.  The  up¬ 
per  part  of  the  furnace  was  filled  with  fragments  of  quartz  and  served  as  a 
vaporizer  and  preheater  for  the  materials  entering  onto  the  catalyst.  The 
liquid  components  were  fed  to  the  furnace  from  a  buret.  The  purified  acet¬ 
ylene  was  passed  into  a  graduated  gasometer,  and  thence  entered  through 
a  rheometer  into  the  reaction  tube.  The  reaction  products  after  leaving 
the  furnace  passed  through  a  condenser  and  were  collected  in  a  vessel  cooled 
with  a  mixture  of  ice  and  salt,  and  the  gas  after  passing  through  a  solu¬ 
tion  of  hydroxylaminc  hydrochloride  to  trap  vapors  of  aldehyde  or  vinyl 
ether  was  collected  in  a  gasometer  over  a  saturated  solution  of  table  salt. 

The  aldehyde  was  determined  in  the  liquid  reaction  products  by  the 
method  of  [9].  The  unsaturated  compounds  (vinyl  ethers)  were  determin¬ 
ed  iodometrically  after  treatment  of  a  sample  of  the  condensate  with  a  so¬ 
lution  of  bromine  in  CCI4,  and  acetone  was  determined  by  means  of  furfu- 
rol  by  the  method  of  [10].  The  total  of  all  the  carbonyl  compounds  was 
determined  with  hydroxylamine  hydrochloride,  ethyl  alcohol  was  determin¬ 
ed  by  esterification  with  formic  acid  in  the  presence  of  sulfuric  acid,  butyl 
and  isoamyl  alcohols  by  acetylation  with  acetic  anhydride  in  the  presence 
of  pyridine,  acidity  (calculated  as  acetic  acid)  by  titration  with  0  1  N 
alkali  solution  in  the  presence  of  phenolphthalein,  and  esters  by  saponifica¬ 
tion  with  0.1  N  alkali  solution  while  heating  on  a  water  bath  for  1  hour. 
Excess  alkali  was  titrated  with  0.1  N  acid  solution. 
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Conversion  (in  %) 

Relation  of  formation  of  vinyl  ethyl 
and  vinyl  butyl  ethers  from  binary 
mixtures  of  acetylene  and  alcohols 
to  conversion  of  acetylene  (ratio 
C2H2:  alcohol  =  1: 3  moles). 

I.  Experiments  with  acetylene- 
ethyl  alcohol  mixtures  (310  ");  1) 
Yield  of  ether  based  on  C2H2  react¬ 
ed;  2)  yield  based  on  C2H2  passed 
through;  3)  yield  of  acetaldehyde 
from  hydrolysis  of  ether,  calculated 
on  acetylene  reacted.  * 

II.  Experiments  with  acetylene— 
butyl  alcohol  mixtures  (320  ">.  4) 
Yield  of  ether  based  on  C2H2  react¬ 
ed;  5)  yield  of  ether  based  on  C2H2 
passed  through. 


The  general  course  of  the  analysis  of  the  condensate  obtained  from 
an  experiment  was  as  follows.  In  a  separate  sample  the  sum  of  the  carbon¬ 
yl  compounds,  consisting  of  aldehyde  and  acetone  (taking  into  account  the 
aldehyde  formed  by  hydrolysis  of  the  vinyl  ether  and  acetone),  was  deter  - 
mined  with  hydroxylamine.  In  other  samples  of  the  condensate  under  in¬ 
vestigation,  the  aldehyde,  acetone,  and  vinyl  ether  were  determined  by 

the  methods  indicated  above.  After  appropriate  recalculation  for  the  carbonyl  group,  the  difference  between  the 
total  of  the  carbonyl  compounds  and  the==CO  group  entering  into  the  vinyl  ether,  acetone,  and  aldehyde  was  ta- 
•  Yield  of  aldehyde  from  hydrolysis  of  ether  was  calculated  as  the  difference  between  the  total  amount  of  acetalde 
hyde  formed  and  the  aldehyde  obtained  in  a  separate  experiment  where  ethyl  alcohol  was  passed  over  zinc  oxide 
under  the  same  conditions. 
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ken  by  us  as  acetals.  The  alcohol  and  esters  were  determined  in  separate  samples  of  the  condensate.  The  me¬ 
thods  indicated  were  verified  on  artificial  mixtures  and  gave  completely  satisfactory  results.  The  gaseous  products 
were  analyzed  by  absorption  methods  in  an  Orsat  apparatus,  hydrogen  by  combustion  over  pallatized  asbestos. 

The  vinyl  ethers  were  isolated  from  the  reaction  products  by  rectification  and  purification  from  admixtures 
of  aldehyde,  alcohols,  and  water  by  heating  with  concentrated  KOH  and  boiling  over  metallic  sodium  (Table  2). 

According  to  the  analysis  with  hydroxylamine  hydrochloride,  the  vinyl  ethyl  ether  isolated  contained  98 . 8% 
ether,  the  vinyl  butyl  ether  98.2%  and  the  vinyl  isoamyl  ether  97.2%. 

TABLE  2 


jProperties  of  ethers  obtained  from 

Name  of  vinyl  'mixtures  of  acetylene  and  alco-  Literature  data  [8J 


ether 

hols  in  vapor 

phase  on  zinc  oxide 

boiling  point 

d," 

boiling  point 

d.** 

Vinyl  ethyl 

.3.5.8-36.00 

0.7508 

1.3770 

36—36.1,  34.5- 
35.50 

0.7531, 

0.7590 

1.3779, 

1.3778 

Vinyl  butyl 

93.5—94.0 

0.7790 

1.4021 

93.7—93.8, 93.30 

0.7792, 

0.7788 

1.4026, 

1.4029 

Vinyl  isoamyl 

111.2— lii.5 

0.7817 

1.4085 

112.5-112.8, 

109—1100 

0.7824, 

0.7833 

1.4098, 

1.4070 

SUMMARY 

1.  A  catalyst,  technical  zinc  oxide,  has  been  proposed  for  the  preparation  of  vinyl  ethers  from  binary  mix¬ 
tures  of  acetylene  and  alcohols  in  the  gaseous  phase  at  310—320  “.  The  vinyl  ethyl,  vinyl  butyl,  and  vinyl  isoamyl 
ethers  were  prepared  by  this  method  and  identified. 

2.  It  has  been  shown  that  the  vinyl  ethers  are  the  primary  products  of  the  reaction  of  acetylene  with  alco¬ 
hols.  The  acetals  are  not  obtained  in  this  reaction. 

3.  The  similarity  between  the  vapor  phase  catalytic  hydration  of  acetylene  to  aldehyde  and  the  formation 
of  vinyl  ethers  by  the  reaction  of  acetylene  with  alcohols  over  solid  catalysts  provides  a  basis  for  considering  that 
the  process  of  hydration  of  acetylene  proceeds  in  an  intermediate  phase  through  the  formation  of  vinyl  alcohol, 
which  further  isomerizes  to  acetaldehyde. 

4.  Ideas  have  been  stated  concerning  the  mechanism  of  the  formation  of  the  vinyl  ethers  from  acetylene 
and  alcohols  under  the  influence  of  solid  ionic  catalysts  by  the  development  of  a  polar  complex  of  acetylene  with 
the  cation  of  the  catalyst  lattice  and  the  addition  to  it  of  the  polarized  alcohol  molecule. 
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ALKYLATION  OVER  AN  ALUMINOSILICATE  CATALYST 
ACTIVATED  WITH  GASEOUS  HYDROGEN  CHLORIDE 
n.  ALKYLATION  OF  PHENOL  WITH  ISOPROPYL  CHLORIDE 

I.  F.  Radzevenchuk 
Leningrad  Agricultural  Institute 


Recently  the  alkylphenols  have  gained  industrial  significance  as  surface -active  agents,  raw  materials  for 
the  preparation  of  plastics  [1],  and  additives  for  lubrication  oils  [2],  Some  derivatives  of  the  alkylphenols  are 
good  insecticides  and  fungicides  [3].  However,  the  synthesis  of  the  alkylphenols  is  difficult.  Reports  of  research 
on  the  alkylation  of  phenol  with  tertiary  alkyl  halides  [4]  and  with  benzyl  chloride  [5]  are  found,*  but  indications 
of  successful  alkylation  with  primary  and  secondary  alkyl  halides  are  lacking.  The  reaction  goes  slowly  and  re¬ 
quires  the  use  of  an  equimolecular  quantity  of  aluminum  chloride  [  6]. 

In  the  present  work  we  carried  out  the  alkylation  of  phenol  with  isopropyl  chloride  at  70—130  *  in  the  pres¬ 
ence  of  gumbrin  that  had  been  dried  at  160  ”  and  was  activated  with  gaseous  hydrogen  chloride.  This  catalyst 
has  been  used  successfully  by  us  for  the  alkylation  of  benzene  with  alkyl  halides  [  7].  The  isopropylphenols  were 
obtained  in  56%  yield  based  on  the  isopropyl  chloride  taken  for  the  reaction;  the  o-isopropylphenol  was  predom¬ 
inantly  formed,  with  a  small  amount  of  p-isopropylphenol.  It  was  established  by  a  series  of  experiments  that  an 
active  catalyst  was  obtained  by  passing  hydrogen  chloride  through  dry  gumbrin  in  the  environment  of  the  reactants 
for  30  minutes  at  25—45  *.  To  determine  whether  the  activation  of  the  gumbrin  by  the  gaseous  hydrogen  chloride 
was  not  connected  with  the  formation  of  aluminum  chloride,  we  carried  out  special  experiments.  However,  alu¬ 
minum  chloride  was  not  detected  in  the  reaction  medium.  An  attempt  also  was  made  to  cany  out  the  alkylation 
reaction  with  carefully  dried  silica  gel  in  the  presence  of  gaseous  hydrogen  chloride;  isopropylphenols  were  ob¬ 
tained  in  insignificant  yield  in  this  case.  The  mechanism  of  the  alkylation  reaction  in  the  presence  of  gumbrin 
and  gaseous  hydrogen  chloride  differs  from  the  mechanism  of  alkylation  in  the  presence  of  aluminum  chloride 
It  is  known  that  when  phenol  is  alkylated  in  the  presence  of  Aids,  up  to  23%  phenol  ethers  are  formed.  The  au¬ 
thors  consider  that  in  the  first  stage  of  the  reaction  the  ethers  are  formed,  which  under  the  influence  of  the  alum¬ 
inum  chloride  and  heating  rearrange  to  alkylphenols  [6].  In  all  the  alkylation  experiments  under  the  conditions 
ttsed  by  us,  even  those  at  80”,  phenol  ethers  were  formed  in  very  insignificant  amount  (1—2%).  Although  the  pres¬ 
ence  of  acid  facilitates  rearrangement  of  the  ethers  to  alkylphenols  [8],  with  gumbrin  (under  our  conditions),  evi¬ 
dently  the  reaction  of  direct  alkylation  of  the  benzene  ring  predominates  [9]. 

It  should  be  noted  that  when  the  reaction  products  were  distilled,  a  fraction  was  obtained  in  small  amount 
with  b.p.  68—72*,  nj^  1.4120,  which  gave  a  reaction  for  a  double  bond.  This  product  was  not  investigated  further. 

EXPERIMENTAL 

The  purpose  of  the  work  was  to  prepare  alkylphenols,  therefore  phenol  was  used  in  excess— 2  moles  of  phe¬ 
nol  to  1  mole  of  isopropyl  chloride.  Gumbrin  was  used  to  the  extent  of  25—50%  the  weight  of  the  reactants. 

When  the  amount  of  gumbrin  was  decreased  to  10%,  the  time  for  the  reaction  increased.  The  alkylation  was 
carried  out  at  80— 125*,  with  vigorous  stirring,for  2.5  hours.  The  reaction  goes  even  at  80*,  but  the  duration  is 
increased  to  15  hours.  The  gumbrin  should  be  dried  at  160—170  *  to  constant  weight,  since  the  presence  in  the 
reaction  mixture  of  trifling  amounts  of  water  greatly  lowers  the  yield  of  alkylphenols. 

In  a  three -necked  flask  fitted  with  a  reflux  condenser,  stirrer,  and  delivery  tube  for  hydrogen  chloride,  was 
placed  a  mixture  of  phenol,  half  of  the  isopropyl  chloride,  and  the  freshly  dried  gumbrin,  and  the  mixture  was 
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heated  slightly.  At  25  *  a  current  of  dry  hydrogen  chloride  was  passed  through  it.  The  temperature  of  the  bath 
was  gradually  (in  the  course  of  45  minutes)  brought  up  to  70  *,  after  which  the  current  of  hydrogen  chloride  was 
stopped  and  the  heat  was  turned  off.  At  room  temperature  the  remaining  isopropyl  chloride  was  added  dropwise 
over  a  period  of  30—40  minutes  with  vigorous  stirring.  Then  the  reaction  mixture  was  heated  for  1  hour  at  70—80* 
and  1  hour  at  80—100*.  When  the  bath  temperature  reached  130*.  the  heat  was  turned  off.  The  course  of  the  al¬ 
kylation  reaction  was  marked  by  the  evolution  of  hydrogen  chloride. 

After  the  reaction  ended,  the  contents  of  the  flask  were  diluted  with  sulfuric  ether  and  the  gumbrin  was 
filtered  off  and  washed  with  ether.  In  the  first  experiments  the  filtrate  was  extracted  with  alkali  to  separate  the 
phenol  ethers  from  the  alkylphenols.  Because  of  the  small  amounts  of  ethers,  the  separation  was  poor  and  later 
the  filtrate  was  simply  washed  with  water,  dried,  and  distilled.  The  alkylphenol  fractions  with  b.p.  190—230* 
were  obtained  in  56%  yield,  calculated  on  isopropyl  chloride.  The  phenol  ethers  were  isolated  in  amounts  of 
1-2%  They  were  liquid,  b.p.  176- 178*,  Uq*  1.  5325,  did  not  solidify  at  0" ,  and  possibly  consisted  mainly  of  the 
isopropyl  ether  of  phenol.  • 

The  alkylphenol  fractions  were  distilled.  All  six  of  the  fractions  obtained  gave  a  blue- green  color  with 
alcoholic  FeClj  solution.  The  first  fraction  separated  crystals  at  0*  with  m.p.  25*.  The  constants  and  yields  of 
the  fractions  in  percent  are  given  in  the  table.  These  fractions  were  a  mixture  of  isomeric  isopropylphenols  with 
the  first  fractions  (up  to  220*)  predominantly  o-isopropylphenol,  and  the  subsequent  ones  predominantly  p-iso- 
propylphenol.  The  separate  isomers  were  isolated  from  these  fractions  by  chromatography.  In  the  literature  there 
is  information  on  the  separation  of  the  isomers  of  nitrophenol  by  means  of  chromatography  [10].  The  isopropyl- 
phenol  fractions  were  dissolved  in  benzene  and  passed  through  a  column  with  aluminum  oxide.  Elution  was  carried 
out  with  benzene,  then  alcohol  and  sulfuric  ether.  Since  the  isopropylphenols  did  not  give  colored  adsorption  zones 
on  the  aluminum  oxide,  equal  volumes  of  the  solvents  were  taken  off.  The  isopropylphenols  were  very  firmly 
held  by  the  aluminum  oxide  and  passed  into  solution  with  difficulty.  However,  two  main  fractions  were  isolated. 
The  1st  was  o-isopropylphenol  “  b.p.  212-214",  n^  1.5270.  The  boiling  point  of  the  glycol  ethers  was  130*.  At 
0*  the  fraction  solidified.  The  crystals  melted  at  +10*.*  * 

The  second  fraction  was  p-isopropylphenol,  which  solidified  on  cooling.  The  white  prismatic  crystals  had 
the  constants  m.p.  61*,  b.p.  228*,  glycol  ethers  m.p.  80*,  which  agreed  with  the  literature  data.  Thus,  o-  and  p- 
isopropylphenols  were  isolated  by  means  of  chromatographic  analysis,  with  very  great  losses,  it  is  true. 

In  order  to  determine  whether  aluminum  chloride  was  formed  in  the  alkylation,  two  parallel  experiments 
were  carried  out  with  dried  and  undried  gumbrin.  In  the  latter  instance  the  alkylation  reaction  did  not  go.  The 
reaction  liquids  in  both  experiments  were  carefully  separated  from  the  gumbrin,  evaporated  on  a  water  bath,  their 
organic  fraction  was  treated  with  aqua  regia,  and  AI2O3,  Si02,and  Fe203  were  determined  qualitatively  and  quanti¬ 
tatively  [  11].  In  both  experiments  only  traces  of  AI2O3  and  Si02  were  detected.  It  is  obvious  that  Aids  is  not 
formed  in  the  reaction. 


Fraction 

No. 

Boiling  point 

Yield  (in^) 

d,*o 

1 

190—205° 

20 

l.r.345 

0.9993 

2 

205—210 

20 

1  ..5293 

0.9982 

3 

210—215 

26 

1.5240 

1.(K)40 

4 

215—220 

8 

1.5230 

0.9968 

5 

220—225 

16 

1.5220 

0.9915 

6 

225—230 

11 

1..5213 

0.9872 

•The  isopropyl  ether  of  phenol  has  the  constants  b.p.  176—177.2*,  1.4992. 

•  ‘According  to  the  literature  data,  o-isopropylphenol  has  the  constants  b.p.  214—214.5*,  n^  1.5315,  d®  1.012, 
m.p.  of  glycol  ethers  130*. 
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SUMMARY 


1.  The  alkylation  of  phenol  wltii  isopropyl  chloride  has  been  carried  out.  Gumbrin  dried  at  160— 170*  and 
activated  by  gaseous  hydrogen  chlcnride  was  used  as  the  catalyst. 

2.  The  isopropylphenol  fractions  were  obtained  in  56*!() yield,  and  from  them  were  isolated  o-  and  p-isopro- 
pylphenols. 
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INVESTIGATIONS  IN  THE  FIELD  OF  LIPIDES 


I.  SYNTHESIS  OF  TRIGLYCERIDES  OF  VEGETABLE  OILS 

I.  K.  Sarycheva,  O.  V.  Utkina,  M.  E.  Maurit,  G.  A,  Vorob'eva 
M.  N.  Bargaftik,  N.  A.  Krit,  A.  I.  Sherle,  and  N.  A.  Preobr azhenskii 
Moscow  Institute  of  Fine-Chemical  Technology 

Contemporary  physicochemical  methods  of  investigating  fats  and  oils  (chromatography,  countercurrent  dis¬ 
tribution,  and  spectrophotometry)  [1]  permit  only  a  conjectural  judgment  concerning  their  glyceride  composition 
since  they  make  it  possible  to  determine  not  the  individual  compounds,  but  mixtures  of  components  with  a  certain 
number  of  double  bonds  but  of  different  structure  and  relative  distribution  of  die  acid  substituents.  In  isolated 
cases  more  exact  results  can  be  obtained  by  a  study  (of  freezing  point  curves,  infrared  spectra,  and  x-ray  analysis 
data)  of  natural  oils  and  comparison  with  the  corresponding  properties  of  a  mixture  of  synthetic  glycerides  [2], 

It  have  been  established  by  investigations  in  recent  years  [  3]  that  there  are  glycerides  with  a  total  of  4  to  9 
double  bonds  in  the  composition  of  a  number  of  vegetable  oils.  The  different  distribution  and  combination  of  the 
acid  radicals  in  the  molecules  of  the  triglycerides  makes  possible  the  existence  of  a  large  number  of  isomers.  (For 
example,  for  the  triglycerides  of  linseed  oil,  which  contain  oleic,  linoleic,  linolenic,  and  stearic  acid  groups,  the 
existence  of  27  isomers  is  possible).  The  synthesis  of  these  triglycerides  and  the  study  of  their  physicochemical 
properties,  and  also  of  the  properties  of  mixtures  of  them  is  of  great  significance  to  the  solution  of  the  problem  of 
the  synthetic  preparation  of  vegetable  oils. 

The  synthesis  of  the  simple  (R’=R"=R"’)  and  the  mixed  (R'=R"^R"'  and  R'^R"^R"’)  triglycerides  (XV)  most  fre¬ 
quently  starts  with  the  acid  chlorides  (VI)  and  glycerol  (1),  one  (cf)  or  two  (a  and  ot',  ct  and  0)  hydroxyl  groups  of 
which  are  first  protected  with  the  aid  of  acetone  [4]  (II),  triphenylchloromethane  [5]  (III  and  IV),  benzaldehyde 
[6]  (V),  and  other  materials  [  7]. 

The  substituted  monoglycerides  (VII,  VIII,  IX)  or  the  corresponding  diglyceride  (X)  obtained,  depending  on 
die  reagents  used  [5,  8],  are  converted  either  to  the  a -(XI)  and  0 -(Xll)-monoglycerides,  or  to  the  a,  a’“(XIII)  and 
a,  0-(XIV)-diglycerides,  which  then  are  acylated  with  the  acid  chlorides  (VI). 

In  the  present  article  are  described  the  synthesis  and  the  principal  physicochemical  properties  of  ot-stearyl-0, 
a’-dilinolenin  (SLnLn),a-stearyl-  0-linolenyl-a’-linolein  (SLnL),ot-linoleyl-  0,  a’-dilinolenin  (LLnLn),  trilin- 
olein  (LLL),  a,  a'“dilinoleyl-0-linolenin  (LLnL),  and  a,  ot'-dilinolenyl-0 -stearin  (LnSLn).* 

The  synthesis  of  these  compounds  was  based  on  the  reaction  of  the  acid  chlorides  of  stearic,  linoleic,  and 
linolenic  acids  with  glycerol  (I)  and  was  carried  out  through  a  stage  of  the  preparation  of  the  monoglycerides;  a- 
stearin,  a-linolein,  and  a-linolenin  (diagram,  route  a).  Conversion  of  the  monosubstituted  glycerol  derivatives 
to  the  triglycerides  was  accomplished  either  in  one  stage  (for  the  synthesis  of  SLnLn,  LLnLn,  and  LLL)  or  in  two 
steps  (for  SLnL,  LLnL,  and  LnSLn)  through  the  diglycerides:  a-stearyl-a’-linolein,  a,  a‘-dilinolein,  and  a,  a'-di- 
linolenin,  without  protection  of  the  a’ -hydroxyl  group  of  the  starting  ot -monoglycerides. 

Thus,  by  maintaining  a  certain  order  in  the  creation  of  the  ester  groupings  in  the  starting  molecule  of  glyc¬ 
erol  and  by  taking  into  account  the  different  reactivity  of  the  ot’  and  0 -hydroxyl  groups  of  the  monoglycerides, 

•The  letters  designate  acid  radicals:  S  =  stearic,  O  =  oleic,  L  =  linoleic,  and  Ln  =  linolenic. 
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I 
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I 
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I 
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I 
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I 
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I 
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we  prepared  a  series  of  triglycerides  that  were  supposed  components  of  a  number  of  vegetable  oils  of  symmetrical 
and  unsymmetrical  structure  widi  a  total  of  5  to  8  double  bcmds. 


TABLE  1 

Physicochemical  Constants  of  Triglycerides 


Compound 

d." 

Iodine  No. 

SLiil.n  .... 

1.4820 

0.9336 

171.7 

SLiiI..  .... 

1.4761 

0.9335 

136.6 

LLnLn  .... 

1.4832 

0.9318 

231.3 

I.LI . 

1.4793 

0.9272 

171.5 

LLiil . 

1.4840 

0.9334 

201.8 

LnSLn  .... 

1.4819 

0.9417 

174.0 

Through  the  example  of  the  Investigation  of  the  properties  of  the  compounds  that  were  synthesized  it  can 
be  seen  that  in  going  from  the  monoglycerides  to  the  diglycerides  SL,  LL.  LnLn  and  to  the  triglycerides  SLnLn, 
SLnL.  LLnLn,  LLL.  LLnL,  LnSLn  there  is  a  gradual  decrease  in  the  specific  gravity.  It  also  is  interesting  to  note 
that  the  physicochemical  constants  found  for  the  triglycerides  prepared  (iodine  number,  d^  ,  n^^ )  are  close  to 
those  for  the  natural  vegetable  oils  (Tables  1  and  2). 

EXPERIMENTAL 

1.  g-Stearyl-  fl,  a*“dilinolenin  (XV,  R*  =  C|-^as,  R"  =  R”  =  To  a  mixture  of  3. 38  g  of  a  -mono- 

stearylglycerol  (XI,  R'  =  01-^35)  (m.p.  80.5—81  5*)  and  3.0  g  of  quinoline  at  0*  was  added, over  the  course  of  30 
minutes,a  solution  of  7.0  g  of  linolenic  acid  chloride  (VI,  R=  151“152*  at  0.4  mm,  d*®  0.9372, 

njj®  1.4812;  MRd  90. 19.  C]3H2gOCl  P 3.  Calculated  89. 17.  I  no.  254. 1;  calc.  256.5).  The  reaction  mixture  was 
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TABLE  2 

Physicochemical  Constants  of  Vegetable  Oils  [9] 


Vegetable  oil 

louiue  1^0. 

Poppy  seed . 

! 

1.475  (25°) 

0.921—0.937  (20°) 

128—157 

Linseed  . 

1.480—1.48:)  (20°) 

0.931—0.938  (15°) 

170—205 

Cameline  seed 

].470  (20°) 

0.920—0.930  (20°) 

133-155 

Soybean  . 

1.472—1.4751(25°) 

0.921—0.931  (20°) 

i 

180—195 

heated  in  a  current  of  nitrogen  to  boiling  for  5  hours,  then  cooled  to  S—B”,  250  ml  of  ether  was  added,  and  the 
mixture  was  acidified  with  12  ml  of  10%  sulfuric  acid.  The  upper  layer  was  separated  off,  then  washed  consecu¬ 
tively  with  150  ml  of  water,  20  ml  of  10%  potassium  carbonate  solution,  and  100  ml  of  saturated  aqueous  sodium 
chloride  solution,  and  dried  with  sodium  sulfate.  The  solvent  was  distilled  off  in  vacuo  (15  mm).  The  residue 
(6.2  g)  was  washed  with  70  ml  of  alcohol  at  18”  and  45  ml  at  60”,  after  which  it  was  dissolved  in  50  ml  of  dry 
acetone,  passed  through  a  layer  of  activated  carbon  (20  x  50  mm),  cooled  to  —65”,  and  left  to  stand  under  these 
conditions  for  30—35  minutes.  The  mother  liquor  was  separated  from  the  precipitate,  which  was  recrystallized 
from  25  ml  of  acetone  with  gradual  cooling.  The  material  that  crystallized  at  —18”  was  filtered  from  the  liquid 
phase.  The  mother  liquor  was  cooled  to  —45”.  To  the  precipitate  obtained  in  this  way  after  distilling  off  the 
acetone  was  added  30  ml  of  dry  ether,  the  solution  was  passed  through  a  chromatographic  column  with  aluminum 
oxide  (20  X  100  mm),  eluted  with  150  ml  of  ether,  and  the  solvent  was  removed.  Yield  1. 1  g  (9.6%). 

M.p.  -1-0”,  0.9336,  njf  1.4820,  MRp  268.7;  Calc.  267.59 

Found  %:  0  77.60,77.7;  H  11.24,  11.22,  lno.171.7.  C57H98O6F6  Calculated  %:  C  77.83;  H  11.23.  I  no. 

173.2. 

2^  ot  Stearyl-B-linolenyl-a*-llnolein  (XV,  R*  j  CJ7H55,  R**  -  Ci7H2y,  R"  To  a  solution  of  14.0  g 

of  a-stearyl-a’-llnoleylglycerol  (XIII,  R*  =0171155,  R’”  =  C17H31)  (m.p.  35-36”,  I.  no.  81.08;  calc.  81.74)prepared 
from  a-monostearylglycerol  (XI,  R*  =  C^llss)  and  linoleic  acid  chloride  (VI,  R  =  C17HS1)  was  added  10  g  of  linolenic 
acid  chloride  (VI,  R  =  C17H29).  The  reaction  mixture  was  heated  in  a  current  of  nitrogen  to  boiling  for  4  hours,  then 
cooled  to  18”,  80  ml  of  ether  was  added,  the  mixture  was  carefully  stirred  with  85  ml  of  2.5%  sulfuric  acid,  neu¬ 
tralized  with  saturated  aqueous  sodium  bicarbonate  solution,  and  dried  with  sodium  sulfate.  The  residue  after 
removal  of  the  solvent  was  washed  with  boiling  methanol  (3  times  with  30  ml  portions)  and  subjected  to  fractional 
crystallization  from  acetone  (1;5). 

1st  fraction  4.8  g,  m.p.  —(15—10”);  2nd  fraction  2.4  g,  m.p.  —(25—20”),  I  no.  133.5;  3rd  fraction  1.5  g 
(7.6%),  m.p.- (45-40”),  Ino,  142.6,  calc.  144.0;  d|®  0.9335,  n^^®  1.4761,  MRp  266.40.  CgTHiooOefs.  Calculated 
268.05. 

3.  g-Linoleyl- B-,  ot*-dilinolenin  (XV,  R*  =  Ci^gi,  R"  =  R*"  =  ChHm).  The  synthesis  was  carried  out  under 
the  conditions  used  for  the  preparation  of  a-stearyl  -  0,  a’-dilinolenin  from  3.4  g  of  a -monolinoleylglycerol  (XI, 

R’  =  CitHji)  (m.p.  13.5-15”,  d4“  0.9741,  njJ®  1.4795,  MRjj  103.3.  CjiHjgO/z*  Calculated  102.95.  I  no.  142.9; 
calc.  143.2),  3.0  g  of  quinoline,  and  7.0  g  of  linolenic  acid  chloride  (VI,  R  =  C^THjg)  in  40  ml  of  chloroform  In 
OTder  to  purify  the  material  it  was  washed  with  50  ml  of  alcohol  at  18”  and  30  ml  at  60”,  and  then  dissolved  in 
50  ml  of  ether  and  passed  twice  through  a  chromatographic  column  with  aluminum  oxide  (10  X  100  mm)  and  a 
layer  of  activated  carbon  (2  g).  Yield  1.5  g  (18%). 

Melting  point  of  polymorphic  forms  —(53—52*)  and  —(17—16”),  d^®  0.9318,  nJ®  1.4832,  MRq  268.4;  calc. 
266.649. 

Found  %:  C  78.28,  78.30;  H  11.03,  11.15.  Ino.  231.3.  C57H9PeF.8.  Calculated  %:  C  78.21;  H  10.82. 

I  no.  232. 1. 

4.  Trilinolein  (XV,  R*  =  R"  =  R"*  =  CitHsi).  This  compound  was  prepared  similarly  to  a-linoleyl-  0,  ct-di- 
linolenin  from  13.5  g  of  a -monolinoleylglycerol  (XI,  R*  =  Cj-^gj),  10.9  g  of  quinoline,  and  23  g  of  linoleic  acid 
chloride  (VI,  R'  =  Cj^gj)  in  50  ml  of  chloroform;  after  3  crystallizations  from  acetone  (1:5)  at  —60”,  25  g  (75%) 
was  obtained. 
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M.p.  -(44~43*).  0.9272,  njf  1.4793,  MRq  269.0;  calc.  267.59. 

Found  %  C  78.16,  78.01;  H  11.30,  11.28.  I  no.  171.5.  Calculated  C  77.83;  H  11.23. 

I  no.  173.2. 

5.  g,  g’-Dilinoleyl-  fl-llnolenin  (XV,  R*i^  R*"  =  C|-^gt.  R"  ~  By  the  method  used  for  the  synthesis 

of  ct-stearyl- 6-linolenyl-a’“linolein  (XV,  R’  =  C|^35,  R"  =  “  ^itHsi)*  obtained  from  4.09  g  of  a, 

ct’-dilinolein  (XIII,  R’  =  R"'=  C^Hji)  (df  0.9602,  njf  1.4892.  185.08  CsaHagOjF^.  Calculated  185.27.  1 

no.  164.3;  calc.  165),  prepared  from  a -monolinolein  (XI,  R’  =  Cj^si),  2,38  g  of  linolenlc  acid  chltvide  (VI,  R' 

=  C]7H29),  and  1.1  g  of  quinoline  in  30  ml  of  chloroform,  after  recrystallization  (from  a  mixture  of  10  ml  of  meth¬ 
anol  and  15  ml  of  acetone  at  —60”)  and  chromatographic  purification  (on  a  column  filled  with  40  g  of  alumi¬ 
num  oxide)  3.4  g  (58.4%)  of  product. 

df  0.9334,  n^  1.4840,  MR^  268.9;  calc.  267.12. 

Found  %:  C  77.95  78.01;  H  11.10,  11.07.  1  no.  201.8.  Calculated  %;  C  78.02;  H  11.02. 

I  no.  202.5. 

6.  ct,  g'-Dilinolcnyl-e -stearin  (XV,  R*  =  R”  =  Cj7H29,  R"  =  C^^as).  As  in  the  preceding  experiment,  from 
a-monolinolenin  (XI,  R’  =  C17H29)  (d^*  0.9834,  njf  L4845,  MR^  102.  60  C,iH8^4F  9.  Calculated  102.47.  1  no. 
218,  calc.  216)  and  linolenic  acid  chloride  (VI,  R  =  C|2H2g)  we  obtained  a,  a'-dilinolenin  (XIII,  R'  =  R*"  =  C2'^29) 
(dj®  0.9568,  nji®  1.4839,  MRp  183.2  CggHgPsFg.  Calculated  184.33.  I  no.  240;  calc.  248. 4X  Then  starting  with 
7.12  g  of  a,  a*-dilinolenin,  3.8  g  of  stearic  acid  chloride  (VI,  R  =  C2<^35)  and  L7  g  of  quinoline  in  30  ml  of  chlo¬ 
roform,  we  obtained  after  purification  from  contaminants  by  washing  (at  30*  with  five  25-ml  portions  of  methanol 
and  recrystallization  (from  30  ml  of  ether  at  —(8—5*)  2.47  g  (24.2%)  of  product . 

df  0.9401,  nj^I*  1.4819,  MRp  266.62;  calc.  267.59. 

Found  %;  C  77.52,  77.67;  H  11.29,  11.03.  I  no.  174.0.  Calculated  %:  C  77.83;  H  11.23. 

I  no.  173.2. 


SUMMARY 

1.  The  synthesis  of  a-stearyl- 0,  ct’-dilinolenin  (SLnLn),  a-stearyl-fl-linolenyl-a'-linolein  (SLnL),  a-lin- 
oleyl-0, a’-dilinolenin  (LLnLn),  trilinolein  (LLL),  a,  a’-dilinoleyl-6-linolenln  (LLnL),  and  a,  o’-dilinolenyl-0- 
stearin  (LnSLn),  glyceride  components  of  a  number  of  vegetable  oils,  has  been  accomplished. 

2.  In  the  course  of  the  synthesis,  the  following  monoglycerides  were  isolated  and  characterized  by  their 
physicochemical  constants:  d-linoleyl-  and  a-linolenylglycerides;  also  the  following  diglycerides:  a-stearyl- 
o'“linoleyl-a,a’-dilinoleyl-,  and  a,  a’ -dilinolenylglycerine. 
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FROM  THE  FIELD  OF  ORGANIC  INS  EC  TOFUNG  IC  IDES  . 

XLVm.  SYNTHESIS  OF  SOME  AROMATIC  ESTERS  OF  HALOPHENOXYACETIC  ACIDS 

N.  N.  Mel’nikov  and  I.  L.  Vladimirova 
Scientific  Institute  for  Fertilizers  and  Insectofungicides 


In  recent  years  it  has  been  established  that  the  halophenoxyacetic  acids  and  their  salts  are  not  only  herbici¬ 
des,  but  also  fungicides  [1],  Some  arylacetylhydroxyamines  also  have  considerable  fungicidal  activity  [2], 

As  is  well  known,  going  from  the  acids  and  the  salts  with  inorganic  and  organic  bases  to  the  esters  of  the 
halophenoxyacetic  acids  substantially  increases  their  physiological  activity  with  respect  to  the  higher  plants  [1], 
Considering  that  metabolism  in  the  lower  plants  has  some  similarity  to  metabolism  in  the  higher  ones,  we  might 
expect  an  increase  in  the  fungicidal  and  fungistatic  action  on  going  from  the  acids  and  salts  of  the  halophenoxy¬ 
acetic  acids  to  their  esters  in  this  case  also. 

Of  especial  interest  was  the  study  of  the  fungicidal  action  of  the  aromatic  esters  of  2,  4-dichlorophenoxy- 
and  2,4,5-trichlorophenoxyacetic  acids,  which  are  extremely  active  and  readily  available  herbicides.  In  connec¬ 
tion  with  these  facts,  we  synthesized  a  number  of  esters  of  2,4-dichlorophenoxy-  2,4,5-trichlorophenoxy-,  and 
pentachlorophenoxyacetic  acids  with  various  phenols.  The  esters  are  not  described  in  the  literature.  The  synthesis 
of  the  esters  was  accomplished  by  reacting  the  appropriate  acid  chlorides  with  the  alkali  phenolates  in  aqueous 
medium.  The  compounds  prepared  by  us  and  their  properties  are  given  in  the  table  Of  the  compounds  studied, 
the  most  active  fungicide  was  the  pentachlorophenyl  ester  of  2,4,5-trichlorophenoxyacetic  acid,  which  approached 
the  organic  mercury  compounds  in  effect  on  fungi.  The  other  esters  were  comparatively  low  in  activity. 

EXPERIMENTAL 

The  preparation  of  the  esters  of  the  halophenoxyacetic  acids  was  carried  out  under  the  following  conditions: 
In  a  flask  with  a  reflux  condenser,  dropping  funnel,  and  mechanical  stirrer  was  placed  0,05  mole  of  halophenoxy¬ 
acetic  acid  chloride  (prepared  from  the  acid  and  thionyl  chloride),  and  an  aqueous  .solution  of  0.05  mole  of  the 
appropriate  phenolate  was  added  from  the  dropping  funnel  with  good  stirring.  Then  the  reaction  mixture  was 
stirred  for  2  hours  at  room  temperature  or  30  minutes  while  heating  on  a  boiling  water  bath.  After  cooling,  the 
precipitate  was  filtered  off  and  recrystallized  from  an  appropriate  solvent.  Most  of  the  compounds  were  recrystall¬ 
ized  2—3  times  until  the  melting  point  was  constant.  The  compounds  prepared  and  their  properties  are  given  in 
the  table. 


SUMMARY 

1.  By  the  reaction  of  halophenoxyacetyl  chlorides  with  alkali  phenolates  a  number  of  esters  of  2,4-dichlo- 
rophenoxy-  2,4,5-trichlorophenoxy-,  and  pentachlorophenoxyacetic  acids  not  described  in  the  literature  have  been 
prepared. 

2.  A  study  of  the  fungicidal  properties  of  the  compounds  synthesized  has  shown  that  almost  all  the  esters 
have  moderate  activity.  An  exception  is  the  pentachlorophenyl  ester  of  2,4,5-trichlorophenoxyacetic  acid,  which 
approaches  the  organic  mercury  compounds  in  fungicidal  activity. 
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Properties  of  Esters  of  Halophenoxyacetic  Acids 


Formula 

Melting 

Yield 

•/,  Cl 

point 

(ln%) 

found 

calculated 

P-(CH;,)2CHCoH4()COCIl20C„H3Cl2-2,4 

103° 

70 

21.46,  21.60 

20.90 

P-02NCeH40C0CH20C8H;,Cl2-2,4 

152 

85 

21  ..59,  21  ..55 

21.75 

0-HOCOC6H40COCH20CflH3Cl2-2,4 

2-HOOCv 

148-151 

63 

20.35,  20.08 

20.82 

>CeH;,0(:OCH20CoH3Cl2-2,4 

4-Br/ 

143-145 

38 

42.56(G); 
2.87  (H) 

42.80  (G); 
2.14  (H) 

l-CioH70COCH20CoH:jGl2-2,4 

156 

71 

20.86 

20.42 

2-CioH70COCH20C6H3Cl2-2,4 

130-133 

89 

20.01,  20.40 

20.42 

l-CH3Ci„H60G0CH20C6H3Cl2-2,4 

147—148 

94 

20.20 

19.63 

2-CeHr,C8H40C0CH20C6H3Cl2-2,4 

96—97 

98 

18.20 

18.90 

2-CeHr.\ 

>CeH30C0CH20CeH3Cl2-2.4 

4-Cl/ 

140 

98 

25.70,  25.78 

26.07 

P-(CH3)2GHC6H40C0CH20CeH2Cl3-2,4,5 

2-HOOC 

\GeH30G0GH20GflH2Gl3-2,4,5 

4,6-Gl2/ 

211—213 

75 

29.00,  28.81 

28.46 

149-150 

63 

40.68 

40.20 

l-GioH70GOGH20GoH2Gl3-2,4,5 

142 

76 

28.40,  28.44 

27.81 

G8H5OGOGH2OG6GI5 

276—278 

85 

44.78,  44.26 

44.76 

G6Gl50G0Gil20GeH2Gl3-2,4,.'-)* 

169-170 

82 

55.92,  56.93 

56.31 

*  lb  the  literature  (^ly  the  testing  of  this  compound  as  a  herbicide  has  been  described 
[3];  the  manner  of  preparing  it  and  its  properties  are  not  indicated. 
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FROM  THE  FIELD  OF  ORGANIC  IN  S  EC  TOF  U  NG  IC  ID  E  S 

XLIX.  THE  CONDENSATION  OF  SOME  UNSATURATED  COMPOUNDS 

WITH  HEXACHLOROCYCLOPENTADIENE 

N.  A.  Belikova,  L.  G.  Vol’fson,  K.  V.  Kuznetsova 

N.  N.  Mel'nikov,  and  A.  F.  Plate 

Scientific  Institute  for  Fertilizers  and  Insectofungicides  and  Institute  of 
Organic  Chemistry  of  the  Academy  of  Sciences  USSR. 

In  connection  with  a  search  for  new  effective  insecticides  in  recent  years  much  attention  has  been  devoted 
to  the  study  of  the  reaction  of  polyhalocyclopentadienes  with  various  olefins  and  cycloolefins  [  1],  As  a  result  of 
these  investigations  there  have  been  found  not  only  a  number  of  effective  insecticides,  but  also  substances  useful 
for  the  production  of  high-molecular  compounds  [2] 

In  the  development  of  our  earlier  investigations  in  the  study  of  the  reaction  of  polyhalocyclopentadienes 
with  various  olefins  [3],  we  undertook  a  study  of  the  reaction  of  hexachlorocyclopentadiene  with  cyclic  unsaturat¬ 
ed  compounds  containing  short  chains  in  the  ring.  In  the  present  communication  we  describe  the  condensation  of 
hexachlorocyclopentadiene  with:l-vinylcyclohexene-3;  tetrahydroindene ;  2-vinylbicyclo-  (2,2,l)-heptene-5;2- 
vinyl-l,4-endomethylene-l,2,3,4,5,5a,8,8a-octahydronaphthalene;  and  l,4,5,8-diendomethylene-l,4,4a,5,8,8a- 
hexahydronaphthalene.  The  reaction  proceeds  when  the  reactants  are  heated  to  100—130°. 

When  hexachlorocyclopentadiene  is  reacted  with  l-vinylcyclohexene-3,  the  formation  of  two  isomeric  pro¬ 
ducts  (I)  and  (II)  is  possible.  However,  it  is  more  probable  that  compound  (I)  will  be  obtained,  since  the  double 
bond  of  the  vinyl  group  is  more  reactive  than  the  double  bond  in  the  cyclohexane  ring.  This  is  confirmed  by  nu¬ 
merous  examples  of  similar  processes.  It  is  possible  that  in  our  case  a  mixture  of  the  two  isomers  is  obtained, 
with  (I)  predominating,  A  mixture  of  the  two  isomers  is  obtained,  apparently,  also  when  hexachlorocyclopen¬ 
tadiene  is  reacted  with  2-vinylbicyclo- (2,  2,  l)-heptene-5.  When  two  molecules  of  hexachlorocyclopentadiene 
react  with  a  molecule  of  2-vinylbicyclo-(2,  2,  l)-heptene-5,  a  compound  of  structure  (V)  is  formed. 

Condensation  of  hexachlorocyclopentadiene  with  tetrahydroindene,  2-vinyl-l,4-endomethylene-l,2,3,4,5, 
5a,8,8a-octahydronaphthalene,  and  (2,3-cyclopenteno)-l,4-endomethylene-l,2,3,4,5,5a,8,8a-octahydronaphtha- 
lene  also  in  each  case  may  yield  a  mixture  of  two  products,  which  it  has  not  thus  far  been  possible  to  separate. 

The  structure  of  the  compounds  synthesized  by  us  and  their  properties  and  also  the  constants  of  the  starting 
hydrocarbons  are  given  in  Table  1,  All  the  compounds  synthesized  proved  to  be  practically  nontoxic  to  insects. 

EXPERIMENTAL 

Starting  materials.  1-Vinylcyclohexene  was  prepared  by  dimerization  of  butadiene.  2-Vinylbicyclo-(2,2,l)- 
heptene-5  and  tetrahydroindene  were  prepared  by  the  condensation  of  cyclopentadiene  with  butadiene,  and 
diendomethylenehexahydronaphthalene  by  the  condensation  of  bicyclo-(2,2,l)-heptadiene-2,5  with  cyclopenta¬ 
diene;  it  is  a  byproduct  in  the  preparation  of  bicyclo-  (2,2,l)-heptadiene-2,5  from  acetylene  and  cyclopentadiene 
[4].  2-Vinyl-l,4-endomethylene-l,2,3,4,5,5a,8,8a-octahydronaphthalene  was  synthesized  from  2-vinylbicyclo- 
(2,2,l)-heptene-5  and  butadiene,  and  (2,3-cyclopenteno)-l,4-endomethylene-l,2,3,4,5,5a,8,8a-octahydronaph- 
thalene  was  synthesized  from  the  dimer  of  cyclopentadiene  and  butadiene  Hexachlorocyclopentadiene  had  the 
following  constants:  b.p.  114—116°  (16  mm),  df  1.7101,  1.5637. 
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TABLE  1 

Condensation  Products  of  Hexachlorocyclopentadiene  with  Cyclic  Unsaturated  Hydrocarbons 
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132—135  —  —  —  —  —  54.70,  54.19  160.3  (760^  0.9261  1.4980 

55.21 


Condensation  of  hexachlorocyclopentadlene  with  unsaturated  hydrocarbons.  Depending  on  the  product  pre¬ 
pared,  2  moles  or  0. 5  mole  of  hydrocarbon  was  used  to  1  mole  of  hexachlorocyclopentadlene.  The  mixture  of 
hydrocarbon  and  hexachlorocyclopentadlene  was  heated  in  sealed  tubes  at  110—130*  for  30  hours.  After  cooling, 
the  reaction  mixture  was  fractionated  in  high  vacuum  and,  for  crystalline  compounds,  was  recrystallized  horn  an 
appropriate  solvent  (most  frequently  from  methyl  alcohol)  and  analyzed. 

SUMMARY 

In  order  to  study  their  insecticidal  properties,  a  number  of  compounds  that  have  not  been  described  in  the 
literature  were  synthesized  by  die  condensation  of  hexachltvocyclopentadiene  with  cyclic  unsaturated  hydrocarbons. 

It  has  been  shown  that  the  condensation  of  hexachlcxrocyclopentadiene  with  cyclic  hydrocarbons  proceeds 
on  prolonged  heating  of  a  mixture  of  the  reactants  at  120-160*. 

The  compounds  prepared  were  not  insect  ic  id  ally  active. 
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FROM  THE  FIELD  OF  ORGANIC  IN  SEC  TOF  U  NG  IC  ID  ES 
L-  SYNTHESIS  OF  SOME  MIXED  ESTERS  OF  DITHIOPHOSPHORIC  ACID 

K.  D.  Sh vetsova -Sh ilovskaya ,  N,  N.  Mel'nikov,  and  V.  A.  Glushenkov 
Scientific  Institute  for  Fertilizers  and  Insectofungicides 


In  connection  with  a  search  for  new  active  insecticidestin  recent  years  a  large  number  of  extremely  varied 
mixed  esters  of  dithiophosphoric  acid  have  been  syndiesized  and  described,  some  of  which  have  received  practical 
use  in  agriculture.  However,  among  the  large  number  of  derivatives  of  dithiophosphoric  acid  that  have  been  studied, 
compounds  containing  two  dithiophosphoric  acid  groups  in  the  molecule  have  been  almost  absent.  The  only  ex¬ 
ception  Is  methylene  bis  (diethyldithiophosphate),  which  very  recently  has  been  proposed  for  use  as  an  insecticide 
and  acariclde.  • 

In  connection  with  these  facts,  we  undertook  the  synthesis  of  some  compounds  of  this  type,  and  first  in  order 
was  the  synthesis  of  alkylenebis(dlalkyldithiophosphates)  with  the  general  formula  (ROPSS)  2(CH2)n,  where  n  = 

1— 4,by  the  reaction  of  salts  of  the  dialkyldithiophosphoric  acid  with  the  appropriate  halogen  derivatives  of  hydro¬ 
carbons.  The  compounds  prepared  by  us  and  their  properties  are  given  in  the  table;  of  them  only  methylene  bis- 
(diethyldithiophosphate)  has  been  described  in  the  literature,  and  for  it  even  the  most  important  constants  are 
lacking. 

A  study  of  the  insecticidal  properties  of  the  compounds  synthesized  by  us  carried  out  by  P.  V.  Popov  and 
N.  S.  Ukrainets  showed  that  most  of  them  were  weakly  active. 

EXPERIMENTAL 

The  preparation  of  the  alkylene  bis  (dialkyldithiophosphates)  was  carried  out  under  the  following  conditions: 

In  a  flask  with  a  reflux  condenser  and  mechanical  stirrer  was  placed  a  mixture  of  the  dihalogen  derivative  and 
potassium  dialkyldithiophosphate  and  alcohol.  The  reaction  was  carried  out  in  the  medium  of  the  alcohol,  the 
radical  of  which  entered  into  the  composition  of  the  potassium  dialkyldithiophosphate  (this  method  was  employed 
to  avoid  transesterification  of  the  dialkyldithiophosphates).  The  mixture  obtained  was  boiled  for  2—4  hours  with 
good  stirring.  The  potassium  halide  that  precipitated  was  filtered  off  and  the  filtrate  was  treated  with  water.  The 
water  layer  was  extracted  with  benzene,  dried  over  calcium  chloride,  and  the  solvent  was  distilled  off  in  vacuo. 

The  material  obtained  was  fractionated  in  high  vacuum  and  analyzed.  Some  of  the  materials  that  did  not  distil 
without  decomposition  were  analyzed  without  distillation.  However,  light  fractions  were  distilled  off  from  them 
in  high  vacuum  on  a  boiling  water  bath. 

The  compounds  prepared  by  us  and  their  properties  are  given  in  the  table. 

SUMMARY 

By  the  reaction  of  dihaloalkanes  with  salts  of  dialkyldithiophosphoric  acids,  a  number  of  alkylene  bis  (di¬ 
alkyldithiophosphates)  that  have  not  been  described  in  the  literature  were  synthesized.  All  the  compounds  pre¬ 
pared  were  comparatively  weak  insecticides. 


•Agrlc.  Chem.  1^,  32  (1958). 
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Properties  of  Mixed  Esters  of  Dlthiophosphoric  Acid 


Bolling  point 

•/. 

P 

Formula 

Yield 

(in<yo) 

(pressure  in 
mm) 

n^*> 

found 

calc. 

((CjHsO^aPSSlzCHz 

35 

164—165®  (0.3) 

1.2277 

1.5478 

i5.75 

16.11 

KCsHvOlaPSSlzCHa 

49 

175—176  (0.1) 

1.1630 

1.5276 

14.02. 

14.14 

14.06 

((iso  -C3H70)2PSS)2CHj 

58 

— 

1.1539 

1.5258 

14.20. 

14.15 

14.06 

I(C4H90)2PSSl2CH2 

45 

— 

1.1084 

1.5153 

12.46, 

12.48 

12.47 

((iio-CiHoOaPSSlaCHj 

41 

— 

1.0919 

1.5103 

12.65. 

12.60 

12.47 

l(C2H50)2PSSl2(CH2), 

35 

187  (0.25) 

1.2188 

1.5427 

15.42, 

15.68 

15.54 

l(C3H70)2PSSl2(CH2)3 

34 

185—186  (0.2) 

1.1638 

1.5265 

13.45. 

13.62 

13.28 

I(i80C3H70)aPSSl2(CH2)2 

72 

~ 

1.1790 

1.5268 

13.37. 

13.68 

13.62 

I(C4H90)2PSSl2(CH2)2 

73 

— 

1.1045 

1.5156 

11.96. 

11.78 

12.13 

l(ilO-C4H90)2PSS]2(CH2)2 

28 

— 

1.1006 

1.5143 

12.22. 

12.24 

12.13 

I(C2H50)2PSS)2(CH2)3 

69 

192  (0.35) 

1.1922 

1.5402 

15.22. 

15.21 

15.01 

l(C2H50)2PSSl2(CH2)4 

59 

204  (0.22) 

1.1783 

1.5335 

14..57. 

14.53 

14.52 
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THE  FULL  ESTERS  OF  THE  ISOMERIC  C  HLOROF  LUOROE  TH  AN  E  PHOSPHONIC  ACIDS 


Yu.  M.  Zinov*ev,  T.  G.  Spiridonova  and  L.  Z.  Soborovskii 

It  has  been  shown  previously  that  treatment  of  vinyl  chloride  or  fluoride  with  phosphorus  trichloride  under 
oxidizing  conditicms  gives  the  isomeric  acid  chlorices  of  the  corresponding  ethane  phosphonic  acids  [1.2]: 

i  CH2C1CHC1P(0)C12 

CFI2=CHC1  +  2PCI3  -h  O9— ►  {  +  POCI3 

[  CHCl2CH2P(0)Cl2 

In  this  paper  we  describe  the  synthesis  and  properties  of  the  esters  obtained  from  the  isomeric  acid  chlorides 
of  chlorofluoroethane  phosphonic  acid,  C2H/CIP  (O)  CI2. 

In  order  to  establish  their  structures,  the  same  estei;^  were  synthesized  from  the  acid  chloride  obtained  by 
the  treatment  of  1 -chloro- 2- fluoroethane  with  phosphor  us  trichloride  under  oxidizing  conditions  [3]. 

The  following  isomers  could  be  obtained  in  this  way 

A,  From  vinyl  fluoride: 

^-►CH2ClGHFP(0)Cl2  (1) 

CH2=CH  f — I 

'-+CHFC1CH2P(0)C1  (2) 


B.  From  l-chloro-2-fluoroethane: 

,->CH2FCHClP(0)Gl2 

FGH2GH2GI— 

UgH2G1GHFP(0)G12 

The  structures  of  isomers  (1)  and  (4)  are  identical.  Each  of  the  other  two  isomers,  (2)  and  (3),  can  only  be 
formed  from  one  of  the  starting  compounds:  (2)  from  vinyl  fluoride  and  (3)  from  l-chloro-2-fluoroethane.  The 
di-acid  chloride  obtained  from  vinyl  fluoride  (I)  boiled  at  a  somewhat  hi^er  temperature  than  that  from  1-chloro- 
2-fluoroethane  (II),  and  also  differed  from  it  in  density.  In  neither  case  was  it  possible  to  separate  isomers  by 
fractionation. 

Both  acid  chlorides  (A  and  B)  reacted  with  alcohols  (methyl,  ethyl,  and  isobutyl)  to  give  two  series  of  full 
esters  of  chlorofluoroethane  phosphonic  acid,  C2H^C1P  (O)  (OR)^.  In  all  cases  the  esters  obtained  from  vinyl 
fluoride  (series  A)  boiled  about  20“  higher  than  those  from  chlorofluoroethane  (Series  B).  The  two  series  of 
compounds,  A  and  B,  also  differed  in  their  chemical  behavior.  The  compounds  of  series  A,  on  treatment  with  tri- 
ethylamine,  relatively  easily  lost  a  molecule  of  hydrogen  chloride  to  form  dialkyl  esters  of  2-fluoroethene  phos¬ 
phonic  acid,  CHF  >*  CHP  (O)  (OR)2  (this  reaction  was  shown,  ftx:  instance  by  the  diethyl  ester  of  chlorofluoroethane 
phosphonic  acid).  The  esters  of  series  B  split  off  hydrogen  chloride  very  slowly  and  to  a  much  less  extent.  It  is 
thus  clear  that  there  was  a  structural  difference  between  the  substances  of  series  A  and  B.  The  course  of  dehydro¬ 
chlorination,  for  each  of  the  six  esters  luider  consideration,  is  shown  in  the  figure. 

By  analogy  with  the  behavior  of  the  esters,  obtained  from  the  acid  chlorides  formed  by  the  treatment  of 
vinyl  chloride  with  phosphorus  trichloride  under  oxidizing  conditions,  it  may  be  presumed  that  dehydrochlorination 


(3) 

(4) 
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proceeds  more  readily  with  derivatives  of  2,2-dihalogenoethane  phosphonic  acid  [1],  It  is  therefore  probable  that 
the  main  bulk  of  the  product  of  treating  vinyl  fluoride  with  phosphorus  trichloride  under  oxidizing  conditions 
corresponded  to  compound  (2). 

The  esters  of  series  B  only  lost  very  little  hydrogen  chloride  on  treatment  with  triethylamine.  This  loss  was 
probably  due  to  ester  produced  from  the  acid  chloride  of  structure  (3),  since  derivatives  of  (1),  and  consequently 
of  (4),  should  be  stable  to  such  treatment.  The  esters  were  practically  unhydrolyzed  by  water.  An  exception  was 
the  dimethyl  ester  of  chlorofluoroethane  phosphonic  acid,  synthesized  from  vinyl  fluoride  (III). 

The  table  shows  the  fundamental  constants  and  yields  of  the  compounds  synthesized. 

Compound  IX  was  obtained  by  the  dehydrochlorination  of  V; 

X  was  the  material  left  over  from  V  which  did  react  with  triethyl¬ 
amine. 

The  esters  obtained  were  tested  as  insecticides.  Some  of 
them  showed  physiological  activity,  so  that  precautions  should  be 
taken  when  working  with  them. 

EXPERIMENTAL 

1.  Methyl  esters  of  the  isomeric  chlorofluoroethane  phos¬ 
phonic  acids. 

a)  The  acid  chloride  of  chlorofluoroethane  phosphonic 
acid  (I)  (11.7  gtO.058  mole),  obtained  by  the  treatment  of  vinyl 
fluoride  with  phosphorus  trichloride  under  oxidizing  conditions 
[2],  was  added  drop  by  drop  to  50  ml  of  methanol  at  —10*.  The 
reaction  mixture  yielded  7. 2  g  of  III. 

Found  Cl  19.40,  19.62;  P  16.47,  16.01;  CXTH,  31.97, 

32. 13. 

b)  Under  the  same  conditions,  10.0  g  (0.05  mole)  of  the  acid  chloride  of  chlorofluoroethane  phosphonic 
acid  (lOobtained  by  the  treatment  of  l-chloro-2-fluoro-ethane  [3]  with  phosphorus  trichltwide  under  oxidizing 
conditions,  yielded  7. 4  g  of  IV. 

Found  Cl  15.81;  P15.57;  OCH,  32. 67,  32. 53.  Calculated  %:  C4HP3PCIF:  Cl  18. 61;  P  16.25;  OCH, 

32.56. 

2.  Ethyl  esters  of  the  isomeric  chlorofluoroethane  phosphonic  acids. 

a)  Under  the  same  conditions  asl,  15.5  g  of  V  was  obtained  from  16.0  g  (0.08  mole)  of  I  and  50  ml  of 
anhydrous  alcohol. 

Found  P  14.10,  13.85;  CX:2H5  40.08,  40.41. 

b)  Under  the  same  conditions  as  1,  12.0  g  of  VI  was  obtained  from  12.3  g  (0.061  mole)  of  II  and  50  ml  of 
anhydrous  alcohol. 

Found  P  14.01,  13.78;  OCjHg  43.03,  42.90.  Calculated  CjHuO^ClF:  P  14.17;  OC^Hg  41.22. 

3.  Isobutyl  esters  of  the  isomeric  chlorofluoroethane  phosphonic  acids. 

a)  Under  the  same  conditions  as  1,  2.5  g  of  VII  was  obtained  from  3.8  g  (0.019  mole)  of  I  and  17  ml  of 
Isobutyl  alcohol. 

Found  <7c;  C  43.58,  43.80;  H  6.00,  6.24;  P  11.46,  11.59. 

b)  Under  the  same  conditions  as  1,  23.3  g  of  VIII  was  obtained  from  25.0  g  (0.125  mole  of  II  and  60  ml  of 
isobutyl  alcohol. 

Found  C  42.69,  43.03;  H  7.56,  8.02;  P  10.87,  10.90.  Calculated  <5b:  CioHzPjPClF;  C  43.72;  H  7.10; 
P  11.27. 
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4.  Diethyl  esters  of  2-fluoroethene  phosphonic 
acid  (DC)  and  of  2-chloro-l-fluoroethane  phosphonic 
acid  (X).  The  mixed  isomers  V  (10.0  g  =  0.045  mole) 
were  treated  with  4  6  g  (0.045  mole)  of  triethylamine; 
the  triethylamine  hydrochloride  formed  was  filtered  off 
the  next  day,  and  the  filtrate  was  fractionated  under 
reduced  pressure.  The  yield  of  DC  was  1. 1  g. 

Found  ’’Jo-.  CXI:2H5  48.65,  48.47.  Calculated  %•. 
CjHiPjPF:  OC2H5  49.48. 

The  yield  of  X  (the  higher  boiling  fraction)  was 


coi— coincqooioovr 
in  M  i--  t--  V  lo  .-o  —  'q; 

cccorococ'ioq  —  —  —  c'l 


Found  OC2H5  40.5,  39.85.  Calculated  %•. 
CgHijPsPClF:  OC2H5  41.22. 

5.  Dehydrochlorination  of  the  dialkyl  esters  of 
chlorofluoroethane  phosphonic  acid  with  triethylamine. 

A  sample  of  the  ester  was  mixed  with  an  equal  weight  of 
triethylamine,  and  maintained  at  20"  for  a  definite  time 
(1  to  7  days);  the  mixture  was  then  treated  with  water, 
and  the  chloride  ion  content  was  determined  in  the 
resulting  solution.  The  analytical  results  are  shown  in 
the  figure. 
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SUMMARY 

1.  The  treatment  of  vinyl  fluoride  with  phosphorus 
trichloride  under  oxidizing  conditions  yields  two  isomeric 
products—the  acid  chlorides  of  l-chloro-2-fluoro-  and 
2,2-chlorofluoro-ethane  phosphonic  acids. 

2.  The  treatment  of  l-chloro-2-fluoroethane  with 
phosphorus  trichloride  under  oxidizing  conditions  yields 

a  mixture  of  the  isomeric  acid  chlorides  of  2-chloro-l- 
fluoro-  and  1-chloro -2 -fluoro -ethane  phosphonic  acids. 

3.  The  methyl,  ethyl, and  isobutyl  esters  of  the 
isomeric  chlorofluoroethane  phosphonic  acids  and  the 
ethyl  esters  of  2-fluoroethene  and  2-chloro-l-fluoroethane 
phosphonic  acids  have  been  synthesized. 

4.  The  dehydrochlorination  of  these  synthesized 
alkyl  esters  of  chlorofluoroethane  phosphonic  acids  with 
triethylamine  has  been  investigated. 
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THE  REACTIONS  OF  C  H  LO  RO  A  L  K  YL  A  L  K  YL  A  L  K  YL  A  L  KOX  Y  S ILA  NE  S  WITH 


POLYHYDRIC  ALCOHOLS. 

K.  A.  Andrianov  and  M.  A.  Golubenko 
The  V.  L  Lenin  All-Union  Electrotechnical  Institute 


The  reactions  of  polyhydric  alcohols  with  alkylalkoxysilanes,  used  for  the  synthesis  of  ethers  [1],  have  been 
described  in  the  literature.  It  was  of  interest  to  investigate  whether  this  etherification  exchange  reaction  could  be 
applied  to  halogenoalkylalkylalkoxysilanes.  Since  the  exchange  etherification  of  the  alkoxyl  groups  in  alkylalkoxy¬ 
silanes  with  polyhydric  alcohols  takes  place  at  elevated  temperatures  (110—140*)  [2],  it  might  be  anticipated  that 
the  reaction  of  alcohols  with  chloroalkylalkoxysilanes  would  be  accompanied  by  a  side  reaction,  because  of  the 
mobility  of  the  halogen  of  a  chloromethyl  group  and  of  the  susceptibility  of  the  CH|C1  and  CHCI2  groups  to  splitting 
off. 

The  exchange  etherification  of  chloroalkylalkylalkoxysilanes  with  polyhydric  alcohols  was  investigated,  using 
as  examples  the  reactions  of  ethylene  glycol,  glycerine  and  hydroquinone  widi  chloromethyldimethylethoxysilane 
and  dichloromethyldimethylethoxysilane. 

The  reactions  of  ethylene  glycol  with  chloromethyldimethylethoxysilane  and  dichloromethyldimethylethoxy- 
silane  took  place  with  the  formation  of  the  bis  (chloromethyldimethylsilyl)  and  bis  (dichloromethyldimethylsilyl) 
diethers  of  ethylene  glycol. 


2R{CH3)2SiOC2H5+  HOCH2CII2OH  -> 

— R(CH3)2Si0CH2CH20Si{GH3)2R  -f  2C2H5OH 


where  R  is  CH2CI  or  CHCI2. 

The  yield  was  80%.  The  structures  of  the  products  were  established  by  analysis  and  by  their  hydrolysis  in 
weakly  acid  media  to  bis  (chloromethyl)-tetramethyldisiloxane  or  bis  (dichloromethyl)  tetramethyldisiloxane  and 
ethylene  glycol,  in  accordance  with  the  reaction; 

R(CH3)2Si0Cri2CFl20Si(CH3)2R  +  HnO  R(GH3)2SiOSi(Cn3)2R  4* 
f  HOGH2GH2OH, 

where  R  is  CH2CI  or  CHCI2. 

Glycerine  reacted  with  chloromethyldimethylethoxysilane  and  dichloromethyldimethylethoXysilane  to  form 
the  exchange  ethers  in  73%  yield,  in  accordance  with  the  reaction: 


H2GOSi(CIl3)2R 

3R(GIl3)2SiOG2H5  | 

t-  U  HGOSi(GH3)2R +  3G2H5OH 

GHaOUGHOlIGHoOH-'  1 

H2GOSi(GH3)2R 

where  R  is  CH2CI  or  CHCI2. 

The  structures  of  the  previously  unknown  tris  (chloromethyldimethylsilyl)  and  tris(dichloromethyldimethyl- 
sllyl)  triethers  of  glycerol  was  established  by  analysis  and  by  a  study  of  the  hydrolysis  products:  bis  (chloromethyl)' 


tetramethyldislloxane  and  bis  (dichloromethyl)  tetramethyldisiloxane  were  isolated,  together  with  glycerol. 


MaCOSiCC  113)2  R 
I 

2  IlC0Si(Cll3)2U  +  3Il20 
HaCOSHG  113)2  R 


3R(Cir3)2SiOSi(C  113)211 


2CIl20IlCll0nCIl20H 


where  R  is  CH/Dl  or  CHCI2. 

Exchange  etherification  of  chloromethyldimethylethoxysilane  with  hydroquinone  took  place  in  accordance 
with  the  reaction: 

2ClCIi2(CIl3)2SiOC2H5+  H0CeH40II 
CICIl2(CIl3)2Si0CcIl40Si(CIl3)2CM2Cl  +  2C2H5OH 

and  ethyl  alcohol  and  hydroquinone  bis  (chloromethyldimethylsilyl)  ether  were  both  formed  in  56^o  yield. 

The  high  yields  showed  that  these  exchange  etherification  reactions  of  chloromethylidimethylethoxysilane 
and  dichloromethyldimethylethoxysilane  took  place  by  replacement  of  the  alkoxy  group,  without  any  appreciable 
splitting  of  the  chloromethyl  and  dichloromethyl  groups 

However,  in  the  reaction  between  chloromethyldimethylethoxysilane  and  sodium  glycolate,  there  was  pref¬ 
erential  replacement  of  the  chlorine  atoms,  without  replacement  of  ethoxy  by  ethyleneoxy  groups. 


2ClCIl2(Cn3)2SiOC2ll5  4-  NaOCIIaCIlzONa 

—V  C2Hr,0(CIls'.,SiC.H2OCH2CH2OCn2Si(CH3)20C2Hr, 

The  properties  of  the  new  compounds  are  shown  in  the  table. 


EXPERIMENTAL 

Chloromethyldimethylethoxy  silane  was  obtained  from  chloromethyldimethylchlorosilane:  b.p.  131-132*, 
ng  1.4202,  dg  0.9508. 

Dichloromethyldimethylethoxysilane  was  obtained  from  dichloromethyldimethylchlarosilane  [3]:  b.p.  162— 
163*.  ng*  L4408.  df  1.0884. 

Ethylene  glycol  bis  (chloromethyldimethylsilyl)  ether.  Ethylene  glycol  (15.5  g  =  0.25  mole)  was  heated  with 


silane  and  glycerol. 

Hydroquinone  bis  (chloromethyldimethylsilyl)  ether  was  obtained  similarly  from  27  g  (0.25  mole)  of  hydro¬ 
quinone  and  93  g  (0.61  mole)  of  chloromethyldimethylethoxysilane.  Distillation  under  reduced  pressure  gave  44.8 
g  of  product,  distilling  at  118—120"  (2  mm). 

Ethylene  glycol  bis  (ethoxydimethylsilylmethyl)  ether.  Metallic  sodium  (11.5  g)  was  stirred  in  a  flask  under 
100  g  of.toluene  and  heated  until  molten.  The  temperature  was  adjusted  to  100—105",  15  g  (0.26  mole)  of  ethyl¬ 
ene  glycol  was  added  from  a  dropping  funnel,  and  the  mixture  was  maintained  at  this  temperature  for  30  minutes. 
The  temperature  was  then  reduced  to  90—95",  and  76.5  g  (0.5  mole)  of  chloromethyldimethylethoxysilane  was 
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introduced  from  the  dropping  funnel.  The  sodium  chloride  deposited  was  filtered  off  after  standing  for  12  hours. 

The  toluene  was  distilled  off  from  the  filtrate  up  to  120*,  and  the  residue  was  redistilled  under  reduced  pressure. 

The  yield  was  24  g  of  product,  of  b.p.  88—92*  (4  mm). 

The  hydrolysis  of  ethylene  glycol  bis  (chloromethyldimethylsilyl) ether.  Water  (50  g)  and  0.2  ml  of  0.1  N 
HCl  were  introduced  into  a  three-necked  flask  fitted  with  a  mechanical  stirrer,  a  reflux  condenser,  a  dropping 
funnel,  and  a  thermometer.  The  ether  (30  g  =  0.11  mole)  was  added  from  the  dropping  funnel,  with  continuous 
stirring,  over  a  period  of  1  hour.  The  mixture  was  then  heated  for  1  hour  at  50—60*.  It  separated  into  two  layers 
on  standing.  The  upper  layer  consisted  of  an  aqueous  solution  of  glycol.  The  lower  layer  was  separated  and  distilled. 
The  yield  of  bis  (chloromethyl)-tetrametfiyldisiloxane  [4]  was  22  g. 

B.p.  198-202*,  n^®  1.4399,  df  1.0424. 

Found  %:  0  30.90  ,  30.74;  H  6.76,  6.82;  Si  23.88,  23.95.  Calculated  <7o:  CjHiPCljSij.  0  31.15;  H  6.94; 

Si  24. 31. 

The  hydrolysis  of  ethylene  glycol  bis  (dichloromethyldimetfaylsilyl)  ether  was  carried  out  similarly:  30  g 
(0.087  mole)  of  the  ether  gave  22  g  of  bis  (dichloromethyl)  tetramethyldisiloxane  [5]. 

B.p.  117-119*  (11  mm),  n^®  1.4668,  d$®  1.2205. 

Found  %:  0  23.72.23.65;  H  4.62,  4.56;  Si  18.43,  18.62.  Calculated  C^iPCl4Si2.  0  24.02;  H  4.70; 

Si  18.72. 

The  glycerol  tris  (chloromethyldimethylsilyl)  and  tris  (dichloromethyldimethylsilyl)  ethers  were  hydrolyzed 
similarly,  the  products  being  glycerol  and  bis  (chloromethyl)-and  bis  (dichloromethyl)-tetramethyldisiloxanes, 
whose  composition  and  physical  properties  were  the  same  as  above. 

SUMMARY 

A  study  has  been  made  of  the  reactions  of  exchange  etherification  of  chloromethyldimethylethoxysilane  and 
dichloromethyldimethylethoxysilane  with  ethylene  glycol,  glycerol  and  hydroquinone;  five  previously  undescribed 
compounds  were  obtained  and  their  properties  were  investigated.  It  was  established  that  the  exchange  etherifica¬ 
tion  reactions  proceeded  without  appreciable  splitting  of  the  chloromethyl  and  dichloromethyl  groups.  The  chlorine 
atom  in  chloromethyldimethylethoxysilane  could  be  replaced  by  an  ethyleneoxy  group) 
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IMIDES  OF  AROMATIC  SULFONIC  ACIDS. 

1.  THE  SYNTHESIS  AND  SOME  PROPERTIES  OF  SYMMETRICAL  AROMATIC  SULFONIMIDES 
N,  N.  Dykhanov 


The  imides  of  sulfonic  acids  have  been  less  investigated  than  other  organic  sulfur  compounds.  The  well 
known  monograph  by  C.  M.  Suter  only  deals  with  N -substituted  aromatic  sulfonimides  and  their  splitting  under  the 
influence  of  caustic  alkali  or  ammonia  [1].  Compounds  of  this  series  have  been  used  for  the  synthesis  of  drugs, 
dyestuffs,  tanning  agents,  and  surfactants  [2].  Those  substituted  at  the  nitrogen  atom  with  nitrogen- containing 
heterocyclic  radicals  are  of  special  interest,  since  it  has  been  suggested  that  these  should  exhibit  tautomerism  [3], 
similar  to  that  of  the  corresponding  carboxylic  acids,  which  has  been  established  by  means  of  their  infrared 
spectra  r4]. 

The  synthesis  of  a  simple  aromatic  sulfonimide —benzene  sulfonimide— was  first  achieved  in  1854  by  Gerhardt, 
by  the  action  of  benzene  sulfonyl  chlcxride  on  the  silver  salt  of  benzene  sulfonamide  [6]  The  more  readily  avail¬ 
able  sodium  salt  was  used  later  for  the  same  purpose  [6]  There  is  also  a  known  method  of  obtaining  symmetrical 
aryl  sulfonimides  by  the  action  of  2  moles  of  aryl  sulfonyl  chloride  on  1  mole  of  ammonia  in  aqueous  solution  [7]. 
Recently  an  original  way  of  carrying  out  this  reaction  has  been  described,  consisting  in  the  simultaneous  addition 
of  an  acetone  solution  of  the  sulfonyl  chloride  and  of  caustic  alkali  to  an  aqueous  solution  of  ammonium  chloride 
[8],  which  gives  the  symmetrical  aryl  sulfonimides  in  high  yields. 

In  the  course  of  a  systematic  investigation  of  aryl  sulfonimides,  we  synthesized  benzene  sufonimide  and  a 
number  of  its  symmetrical  alkyl  and  halogeno  para -substituted  derivatives,  by  the  action  of  a  slight  excess  of  the 
aryl  sulfonyl  chloride  on  the  aryl  sulfonamide  in  an  aqueous  solution  of  caustic  alkali.  •  All  the  aryl  sulfonimides 
obtained  in  this  way  differed  from  the  amides  of  the  same  acids  in  showing  strongly  pronounced  acidic  properties-. 
They  liberated  carbon  dioxide  from  its  salts  and  colored  congo  red  like  strong  mineral  acids;  the  pH  of  their 
saturated  aqueous  solutions  was  within  the  range  2—3.  The  regularities  in  the  change  of  m.p.  characteristic  of 
para-halogeno  substituted  derivatives  of  benzene  sulfonamide  were  not  observed  with  the  corresponding  imides. 

The  melting  point  of  benzene  sulfonamide  is  reduced  by  introduction  of  a  fluorine  atom  into  the  para  position,  and 
then  increases  as  the  fluorine  atom  is  replaced  by  halogen  of  increasing  atomic  weight,  but  the  introduction  of  two 
similar  halogen  atoms  into  both  the  para  positions  of  benzene  sulfonimide  always  increased  the  melting  point. 


Compound 

X 

Melting  point  | 

Compound 

X 

Melting  point 

X 

1 

1 

II 

15/1—1.5.5° 
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OHO  /^-X 
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Cl 
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Cl 
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S— N— S— >1  J 

II  II 

Ur 

232—233 
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I 

182—183 

O  O 

I 

250-  2.51 

.SO,NH, 

•It  will  be  shown  in  a  subsequent  paper  that  this  method  is  also  quite  suitable  for  the  synthesis  of  mixed  aryl  sulfoni¬ 
mides. 
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The  increased  acidic  properties  of  aryl  sulfonimides,  as  compared  with  aryl  sulfonamides,  can  obviously  be 

explained  by  the  existence  in  the  molecule  of  two  positively  charged  sulfur  atoms,  which  attract  electrons  from 

die  nitrogen,  and  thus  reduce  its  positive  charge  and  facilitate  ionization  of  the  hydrogen  q  g 

linked  to  it.  This  property  of  aryl  sulfonimides  enables  them  to  be  used  as  reagents  for  .  J!  •' 

Ar— S— N  — S— Ar 

separating  individual  organic  bases  from  mixtures.  In  particular,  by  this  means  it  was  ii  t-'  II 

found  possible  to  separate  pure  2,6-lutidine  from  a  mixture  of  pyridine  homologs,  since  ^  ^ 

this  is  the  strongest  base  in  the  so-called  "beta-picoline"  fraction  from  coal  tar.  The  pre¬ 
vious  methods  of  isolating  2,6-lutidine  are  less  effective  [9]. 

EXPERIMENTAL 

1.  Synthesis  of  the  imldes  of  aromatic  sulfonic  acids 

A  5%  solution  of  NaOH  (880  ml)  and  1  mole  of  recrystallized  aryl  sulfonamide  were  stirred  and  heated  to 
50--80"  in  a  three-necked  3-liter  flask,  fitted  with  a  stirrer  and  thermometer,  and  the  liquid  was  maintained  at 
this  temperature  while  1.  1  mole  of  aryl  sulfonyl  chloride,  which  had  been  redistilled  under  reduced  pressure,  was 
added,  a  little  at  a  time,  over  a  period  of  1—1.5  hours.  •  The  medium  was  maintained  weakly  alkaline  to  bromo- 
thymol  blue  (pH  about  7.2),  throughout  Ais  time,  by  periodic  addition  of  5%  NaOH.  After  the  addition  of  all  the 
sulfonyl  chloride,  the  reaction  mixture  wa,3  stirred  at  the  same  temperature  for  15—20  minutes,  treated  with  100 
ml  of  40^0  NaOH,  and  cooled  to  15—20*.  This  caused  the  deposition  of  the  crystalline  sodium  salt  of  the  aryl 
sulfonimide  in  a  yield  of  30— 95% (depending  on  its  solubility).  After  2—3  crystallizations  from  water  and  subse¬ 
quent  drying,  first  at  60—70*  and  then  at  120—130*,  the  salts  were  free  from  impurities  and  contained  no  crystalline 
water;  they  were  insoluble  in  the  usual  organic  solvents  (except  for  pyridine  bases);  they  charred  without  melting 
on  heating  above  250”. 

The  free  aryl  sulfonimides  were  liberated  from  solutions  of  their  sodium  salts  by  addition  of  the  calculated 
quantity  of  cone.  HCl  at  25—30*.  Supplementary  quantities  of  imides  were  obtained  by  acidification  of  the  alkaline 
mother  liquors,  after  the  sodium  salts  had  separated  The  yields  amounted  to  70—98  %,  based  on  the  original 
amides.  Pure  imides  were  obtained  from  the  technical  products  by  recrystallization  from  water  or  alcohol.  The 
pH  of  saturated  aqueous  solutions  of  the  purified  aryl  sulfonimides  (measured  with  universal  indicator)  varied 
between  2  and  3. 

By  this  means  we  synthesized  and  characterized  the  sulfonimides  of  benzene  (I),  p -toluene  (II),  p-fluoro- 
benzene  (III),  p -bromobenzene  (IV),  and  priodobenzene  (V),  and  also  their  sodium  salts. 

All  the  aryl  sulfonimides  obtained  were  white  crystalline  substances;  they  were  insoluble  in  ether  and  other 
aromatic  hydrocarbons;  they  were  very  soluble  in  acetone  and  pyridine,  less  so  in  water  and  alcohol  (their  solu¬ 
bilities  in  these  last  two  solvents  decreased  markedly  with  increasing  molecular  weight). 

Benzene  sulfonimide.  Starting  materials:  benzene  sulfonamide  and  benzene  sulfonyl  chloride.  Reaction 
temperature  50—55*.  Yield  85—86%.  Slightly  soluble  in  cold  water,  readily  soluble  in  alcohol,  acetone,and 
pyridine;  insoluble  in  ether  and  aromatic  hydrocarbons;  it  crystallized  from  hot  water  (1:3)  in  the  form  of  color¬ 
less  hexahedral  prisms,  adhering  in  fan  shaped  agglomerates,  with  an  m.p.  of  157—158*. 

Found  %:  C  48.61;  H  aSO;  N  4.66.  Calculated  %:  C12HUO4NS2.  C  48.48;  H3.73;  N  4.71. 

The  Na  salt  was  soluble  in  water  (1:150  at  20*)  and  in  pyridine;  it  crystallized  from  water  (1:3)  in  the  form 
of  colorless  plates. 

Found  %:  C  45.01;  H  3.10;  N  4.40;  Na  7.25.  Calculated  %:  Ci2Hio04NS2Na.  C  45.13;  H  3. 15  N4.38; 

Na  7.20. 

p -Toluene  sulfonimide.  Starting  materials:  p-toluene  sulfonamide  and  p-toluene  sulfonyl  chloride.  Re¬ 
action  temperature  70—75°.  Yield  81—82%.  Sparingly  soluble  in  cold  water,  readily  soluble  in  alcohol,  acetone, 
and  pyridine,  insoluble  in  ether  and  aromatic  hydrocarbons;  it  crystallized  from  water  (1:15)  in  the  form  of  fine 
colorless  needles,  of  m.p.  171—172*. 

Found  %:  C  51.55;  H  4.59;  N  4.28.  Calculated  %:  C14HJ5O4NS2.  C  51.67;  H  4.64;  N4.30. 

•p-Fluoro-,  bromo-  and  iodo-benzene  sulfonyl  chlorides  were  prepared  similarly  to  p -chlorobenzene  sulfonyl 
chloride  [10],  in  yields  of  58,  65, and  60%. 
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The  Na  salt  was  soluble  in  water  (1:180  at  20“ )  and  in  pyridine;  it  crystallized  from  water  (1:3)  in  the 
form  of  colorless  leaflets. 

Found  %:  C  48.42;  H  4.01;  N  4.10;  Na  6.70.  Calculated  Ci4Hi4P4NS2Na.  C  48.40;  H  4.06:  N  4.03; 

Na  6.62. 

p-Bromobenzene  sulfonimide.  Starting  materials:  p-bromobenzene  sulfonamide  and  p-bromobenzene  sulfonyl 
chloride  (m.p.  75--76",  b.p.  159--160*  at  15—16  mm).  Reaction  temperature  75—78’.  Yield  94— 95*170.  Soluble 
in  water  (1:800  at  20"),  soluble  in  alcohol,  acetone. and  pyridine,  insoluble  in  ether  and  aromatic  hydrocarbons; 
it  crystallized  from  water  (1:80)  or  alcohol  (1:5)  in  the  form  of  fine  colorless  needles,  adhering  in  spherical 
agglomerates,  of  m.p.  232—233*. 

Found  *170:  C  31.70;  H  2.00;  N  3.00;  Br  35.15.  Calculated  <7o:  CBH904NS2Br2.  C  31.66;  H  11.99;  N  3.07; 

Br  35. 11. 

The  Na  salt  was  soluble  in  water  (1:500  at  20’)  and  pyridine;  it  crystallized  from  hot  water  (1:15)  in  the 
form  of  fine  colorless  rods. 

Found  <!7o:  C  30.29;  H  1.70;  Br  33.52;  Na  4.91.  Calculated  ofo:  Cj2Hg04NS2Br2Na.  C  30.20;  H  1.69;  Br 
33.49;  Na  4.82. 

p-Iodobenzene  sulfonimide.  Starting  materials:  p-iodobenzene  sulfonamide  and  p-iodobenzene  sulfonyl 
chloride  (m.p,  86— 87’,  b.p.  150- 151. 5’  at  5— 6  mm).  Reaction  temperature  85— 90’.  Yield  97— 98%,  Soluble 
in  water  (1:1000  at  20’),  readily  soluble  in  alcohol,  acetone  and  pyridine,  insoluble  in  ether  and  aromatic  hydro¬ 
carbons;  it  crystallized  from  alcohol  (1:10)  in  the  form  of  fine  colorless  needles,  of  m  p.  250—251’. 

Found  %:  C  26.09;  H1.72;  N  2.65;  1  45.98.  Calculated  %:  CuHgD4NS2li*  C  26.24;  H  1,65;  N  2.55; 

I  46.02. 

The  Na  salt  was  soluble  in  water  (1:800  at  20’)  and  pyridine;  it  crystallized  from  water  (1:25)  in  the  ftxm 
of  fine  colorless  rods. 

Found  %:  C  25.29;  H  1.45;  1  44.40;  Na  4.00.  Calculated  %:  CBHg04NS2l*Na.  C  25.23;  H  1.41;  1  44.44. 
Na  4.02. 

p-Fluorobenzene  sulfonimide.  Starting  materials:  p-fluorobenzene  sulfonamide  and  p-fluorobenzene  sulfonyl 
chloride  (m.p.  35—36’,  b.p.  87—89’  at  3  mm).  Reaction  temperature  55—60’.  Yield  70—72%.  Soluble  in  water 
(1:200  at  20’)  and  pyridine,  readily  soluble  in  alcohol  and  acetone,  insoluble  in  ether  and  aromatic  hydrocarbons; 
it  crystallized  from  water  (1:15)  or  from  alcohol  (1:3)  in  the  form  of  fine  colorless  needles,  of  m.p.  182—183’. 

Found  %:  C  43.27;  H  2.79;  N  4.16;  F  11.29.  Calculated  %:  CuH^4NS2F2.  C  43.23;  H  2.72;  N  4.20; 

F  11.40. 

The  Na  salt  was  soluble  in  water  (1:150  at  20’)  and  in  pyridine;  it  crystallized  from  hot  water  (1:3)  in  the 
form  of  fine  colorless  leaflets. 

Found  %:  C  40.59;  H  2.32;  F  10.60;  Na  6.44.  Calculated  %:  CaHg04NS2F2Na.  C  40.57;  H  2.27;  F  10.69; 
Na  6.47. 

2,  The  isolation  of  2,  6-lutidine  from  the  **beta-picoline**  fraction  of  pyridine 
bases  by  means  of  benzene  sulfonimide, 

A  100  g  sample  of  coal  tar  pyridine  bases,  boiling  in  the  range  138—146’  (the  "beta -picoline"  fraction  ),  and 
25  g  of  benzene  sulfonimide,  were  placed  in  a  150  ml  flask  fitted  with  a  thermometer  and  a  reflux  condenser.  The 
resulting  suspension  was  heated  until  the  imide  dissolved  (100—120’),  maintained  at  this  temperature  for  30  minutes, 
and  then  cooled  to  15—20’.  The  deposit  formed  was  filtered  off,  washed  with  50  ml  of  ether,  pressed  out,  and  dried 
to  constant  weight  at  75—80’.  The  yield  was  28  —30  g. 

The  salt  of  2, 6-lutidine  with  benzene  sulfonimide  was  readily  soluble  in  water  in  the  cold,  and  dissolved  in 
alcohol,  acetone>and  pyridine  on  heating;  it  was  insoluble  in  ether  or  aromatic  hydrocarbons;  it  crystallized  from 
alcohol  (1:5)  in  the  form  of  fine  colorless  needles,  of  m.p.  169.5—171’. 

Found  %;  C  56.50;  H  5.00;  N  6.89;  Calculated  %:  Ci^^O^N^,.  C  56.41;  H  4.98;  N  6.92. 
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The  salt  (200  g)  was  added  to  1  liter  of  5‘5()  caustic  soda  and  heated  to  90—100*,  and  2,6-lutidine  was  distilled 
off  in  steam  from  the  resulting  solution;  the  end  of  the  distillation  was  determined  by  the  absence  of  an  organic 
layer  when  excess  of  solid  sodium  hydroxide  was  added  to  a  sample  of  the  distillate.  The  350—400  ml  of  distillate, 
containing  the  2,6-lutidine,  was  treated  with  20  g  of  solid  caustic  soda  fa:  every  100  ml  of  distillate.  The  upper 
cvganic  layer  was  separated,  dried  over  solid  NaOH,  and  distilled.  The  yield  was  40—44  g  of  2,6-lutidine,  b.p. 
143—143.5*1  pictate,m  p.  161—162*.  The  residue,  after  distilling  of  the  2,6-lutidine.  was  neutralized  with  cone. 
HCl.  The  deposit  was  filtered  off,  washed  with  a  small  quantity  of  cold  water,  and  dried.  The  product  was  130— 
135  g  of  the  original  benzene  sulfonimide. 


SUMMARY 

1.  A  general  method  is  described  for  the  synthesis  of  aryl  sulfonimides  by  the  interaction  of  aryl  sulfonamides 
with  aryl  sulfonyl  chlorides  in  an  alkaline  aqueous  medium.  The  imides  of  p-fluoro-,p-bromo-  and  p-iodo -benzene 
sulfonic  acids,  and  their  sodium  salts,  have  been  obtained  for  the  first  time,  and  the  imides  of  benzene  and  p-toluene 
sulfonic  acids  have  been  characterized. 

2.  A  new  method  is  presented  for  isolating  2,6-lutidine,  as  its  benzene  sulfonimide  salt,  from  a  mixture  with 
other  pyridine  homologs. 
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CYANINE  DYES  WITH  UNSATURATED  SUBSTITUENTS. 


V.  DIMETHINEMEROCYANINES;  RHODANINE  DERIVATIVES 
WITH  UNSATURATED  SUBSTITUENTS  IN  THE  BENZTHIAZOI£  RING 

M.  A.  Al’perovich,  I.  K.  Ushenko,  L.  N.  Tyurina^and  M.  K.  Grechko 
Ihe  Affiliated  Scientific  Research  Kinophoto  Institute  at  Factory  No.  3  and  the 
Institute  of  Organic  Chemistry  of  the  Academy  of  Sciences  of  the  Ukrainian  SSR 


Descriptions  have  recently  appeared  in  the  literature  of  various  dimethinemerocyanines,  and  their  optical 
and  photographic  properties  have  been  investigated  [1,4].  Such  dyes  are  quite  effective  as  optical  sensitizers  for 
photographic  emulsions  [  2]  and  are  also  of  interest  from  the  point  of  view  of  the  theory  of  color  of  organic  compounds, 
since  they  are  internally  ionized  compounds,  whose  molecules  can  exist  either  in  the  nonpolar  form  A,  or  in  the 
form  of  a  bipolar  ion  B: 


I  II  / 

I 

C2H5 


C=CH— CH=C - S 

I  I 

:C.  X 


(A) 


I 

C2H5 


Y=0,  S,  Se  or  -CH=CH— 


C— CH=CH— C- 


(B) 


C2H5 


These  dyes  are  more  or  less  covalent  in  structure,  depending  on  the  composition  of  their  heterocyclic  nitrogen - 
containing  rings  [  3,4].  If  the  merocyanine  structure  is  intermediate  between  the  internally  ionized  and  covalent 
forms,  which  corresponds  to  the  most  equilibrium  distribution  of  electron  density  along  the  polymethine  chromophore, , 
then  the  absorption  maximum  should  clearly  coincide  with  the  arithmetic  mean  of  the  absorption  maxima  correspond¬ 
ing  to  the  symmetrical  carbocyanine  and  the  monomethineoxanine  [4—7].  When  the  actual  structure  of  a  merocy¬ 
anine  molecule  deviates  toward  the  covalent  form,  its  absorption  maximum  must  be  displaced  toward  shorter 
wavelength,  as  compared  with  the  mean  calculated  value,  so  that  ihe  extent  of  this  hypsochromic  shift  will  be 
greateivthe  less  the  basicity  of  the  heterocyclic  nitrogen -containing  ring  [3,4]. 

In  this  paper  we  present  the  results  of  an  investigation  of  the  optical  properties  of  dimethinemerocyanines, 
derivatives  of  3-ethylrhodanine,  with  the  following  substituents  in  the  benzthiazole  or  quinoline  ring  systems: 
styryl,  p-methylstyryl,  p-methoxystyryl,  p-nitrostyryl,  and  w-phenylbutadienyl.  Such  dyes  have  not  been  described 
in  the  literature. 

The  dimethinemerocyanines  were  obtained  by  the  interaction  of  3-ethyl-5-(acctanilidomethylene)  rhodanine 
with  the  quaternary  salts  of  2-methylbenzthiazole  or  of  quinaldine,  containing  the  unsaturated  substituents  in  the 
benzthiazole  or  quinoline  ring  systems.  The  condensation  was  carried  out  in  pyridine  or  in  anhydrous  alcohol,  in 
the  presence  of  triethylamine  [2],  for  example: 
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COCH3 

C-Hr— CH=CH— f  Y  \  I 

^  ®  I  C-CH3  +  N-CH=C- 


C,H5-CH  =CH-/^s/  '  \ 


i  C=Cri— CH=C - S 

Ay  *  > 

/G.  /Cv 

I  O'^ 


\ 


C=CH-CH=C- 


\n/ 


TABLE  1 


C6H5-CH=CH- 


CH3-<f  ^-CH=CH- 
CHgO-^  ^-CH=CH- 
OjN-^  ^-CH=CH- 

CeH5-lCH=CHl2- 
CeHs— CH=CH— 

CH3-<^  ^-CH=CH— 

CH30=<^  CH=CH- 

CH=CH— 

C6H5-lCH=CHl2- 


Substi-  Absorp-  Hypso* 
tuent  tion  max-  chromic 

tion  shift,  mp 


Table  1  shows  the  positions  of  the  absorption  maxima  of  alcohol  solutions  of  the  merocyanines  obtained,  and 
their  hypsochromic  shifts  from  the  values  calculated  from  the  positions  of  the  absorption  maxima  of  the  correspond¬ 
ing  carbocyanines  and  monomethineoxanines,  which  are  at  about  540  mp  in  alcohol  [4]. 

The  introduction  of  unsaturated  substituents  into  die  benzthiazole  or  quinoline  ring  systems  of  a  merocyanine 
was  found  to  produce  a  displacement  of  the  absorption  maximum  towards  longer  wavelength.  There  was  a  smaller 
bathochromic  effect  by  unsaturated  substituents  in  the  5 -position  than  by  diose  in  die  6 -position.  It  should  be  noted 
that  the  bathochromic  shift,  produced,  for  example,  by  the  introduction  of  a  styryl  group  into  the  6-position  of  a 
merocyanine,  was  somewhat  less  than  in  the  case  of  a  carbocyanine  (15  instead  of  22).  This  is  evidently  related 
to  the  fact  that,  in  this  type  of  dyestuff,  there  is  only  a  slight  electron  displacement  from  the  heterocyclic  nitrogen 
atom  to  die  oxygen  of  the  rhodanine  ring,  which  is  the  reason  for  the  lower  degree  of  conjugation  of  the  styryl 
groiy)  with  the  main  polymethine  chromophore. 
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le  figures  in  brackets  are  the  shifts  in  the  positions  of  the  absorption  maxima  in  the  given  solvent  relative  to  their  positions  in  methanol. 


TABLE  3  (continued) 


The  hypsochromic  shifts  of  die  absorption  maxima  of  merocyanines  with  unsaturated  substituents  are  only 
very  sli^tly  greater  than  those  for  the  unsubstituted  dyes  It  would  theref(»e  be  anticipated  that  the  introduction 
of  unsaturated  groupings  into  the  benzthiazole  or  quinoline  ring  systems  would  only  have  a  slight  effect  on  the 
distribution  of  electron  density  in  the  polymethine  chromophore  of  a  dimethinemerocyanine.  But  the  observed 
tendency  to  a  slight  increase  in  the  hypsochromic  shift  indicates  that  the  unsaturated  groupings  reduce  the 
basicity  of  the  heterocyclic  systems,  and  consequently  promote  a  weak  electron -acceptor  character  in  this  type  of 
dye. 

It  is  known  that  deepening  of  color  with  solvation  is  a  characteristic  phenomenon  with  merocyanine  and 
other  internally  ionized  dyes.  Soluticms  of  merocyanines  in  polar  solvents  (alcohols)  normally  have  a  deeper  color 
than  solutions  in  nonpolar  solvents  (benzene,  hexane).  The  solvent  polarity  influences  the  distribution  of  electron 
density  in  the  molecule  and  consequently  the  color  of  an  internally  ionized  dye  [6,8,9].  We  therefore  determined 
the  absorption  maxima  of  dimethinemerocyanines  in  solvents  of  different  polarity  (Table  2). 

The  absorpticm  maxima  of  dimethinemerocyanines  shifted  gradually  to  shorter  wave  length  on  changing 
from  methanol  to  less  polar  solvents.  This  indicated  diat  the  structures  of  these  dyes  in  solution  approximated 
more  closely  to  the  covalent  form  A  [9],  on  changing  from  methanol  to  less  polar  solvents. 

EXPERIMENTAL 

Synthesis  of  bases  and  quaternary  salts.  2-Mcthylbenzthiazoles  and  quinaldines  containing  unsaturated 
substituents,  and  also  their  quaternary  salts,  were  obtained  by  our  previously  described  methods  [10]. 

Merocyanines.  The  method  of  synthesis  was  general.  A  quaternary  salt  was  dissolved  in  anhydrous  alcohol 
or  pyridine.  3-Ethyl-5-(acetanilidomethylene)-rhodanine  and  triethylamine  were  added  to  the  solution,  and  the 
mixture  was  boiled  for  a  few  minutes.  The  dyestuff  deposited  was  filtered  off,  washed  with  alcohol,  and  recrystall¬ 
ized  to  constant  melting  point  In  some  cases,  preliminary  chromatography  on  aluminum  oxide  was  applied  to  the 
benzene  solution.  The  merocyanines  were  obtained  as  violet  prisms  or  green  platelets.  Table  3  shows  the  condi¬ 
tions  of  synthesis  and  analytical  results  for  the  merocyanines. 

The  following  letters  are  used  to  denote  the  various  starting  materials;  3-ethyl-5-(acetanilidomethylene)- 
rhodanine;  B)the  ethyl  p- toluene  sulfonates  of  2-methyl-6-styrylbenzthiazole,  C)2 -methyl -5-styrylbenzthiazole, 

D) 2-methyl-6-p-methylstyrylbenzthiazole,  E)2-methyl-5-p-methyl-styrylbenzthiazole,  2-methyl-6-p-methoxy- 
styrylbenzthiazole,  C?) 2-methyl -5-p-methoxystyrylbenzthiazole,  H)2-methyl-6-p-nittostyrylbenzthiazole,  1)2- 
methyl-5-p-nitrostyrylbenzthIazole,  J)2-methyl-6-y-phenylbutadienyl benzthiazole ,  and  K)2 -methyl -5- y -phenyl- 
butad  ienylbenzthiazole. 

3,3' -Diethyl -6-styrylthiacarbocyanine  iodide  (XI)  A  mixture  of  0.45  g  of  the  ethyl  p -toluene  sulfonate  of 
2-methyl-6-styrylbenzthiazole,  0.45  g  of  the  ethyl  iodide  of  2-(acetanilidovinyl)  benzthiazole.  3  ml  of  pyridine, 
and  0.05  g  of  acetic  anhydride  was  boiled  for  15  minutes.  The  dyestuff  deposited  and  was  washed  with  45  ml  of 
ether.  It  was  dissolved  in  10  ml  of  boiling  alcohol,  and  its  iodide  was  precipitated  by  addition  of  an  aqueous 
solution  of  potassium  iodide.  The  oily  product  crystallized  on  grinding  with  40  ml  of  ether.  It  was  recrystallized 
from  170  ml  of  alcohol.  The  yield  was  0.19  g  {32  in).  M.p.  188-190*. 

Found  »7o:  S  10. 24,  10. 22.  Calculated  S  10.77. 

SUMMARY 

1.  Ten  dimethinemerocyanines  have  been  prepared,  containing  styryl  and  «  -phenylbutadienyl  substituents 
in  the  benzthiazole  ring  system. 

2.  It  has  been  found  that  the  introduction  of  an  unsaturated  substituent  into  the  merocyanine  molecule 
produces  a  displacement  of  the  absorption  maximum  toward  longer  wave  length. 

3.  The  positions  of  the  dimethinemerocyanine  absorption  maxima  have  been  determined  in  solvents  of 
different  polarity,  and  it  has  been  found  that  there  is  a  continuous  displacement  of  the  maximum  towards  shorter 
wave  length  with  change  of  solvent  from  methanol  to  benzene. 
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AMINES  WITH  GANGLIOLYTIC  ACTIVITY 
L  AMINES  OF  THE  CYCLOPENTANE  AND  CYCLOHEXANE  SERIES 

N.  K,  Kochetkov,  A.  Ya.  Khorlin,  K.  I.  Lopatina,  and  L.  A.  Vorotnikova 
Institute  of  Pharmacology  and  Chemotherapy  of  die  Academy  of  Medical  Sciences  of  the  USSR 


The  recently  discovered  gangliolytic  activity  of  compounds  of  the  3*alkylaminoisocamphane  series  [1,2] , 
including  a  highly  active  preparatitni  with  prolonged  ganglionic -blocking  action  (mecamine  or  Inversine  [1],  in¬ 
dicates  diat  high  gangliolytic  activity  is  inherent  not  only  in  quaternary  ammonium  salts  but  also  in  amines.  In¬ 
vestigations  in  our  laboratory  [2]  brough  to  light  several  correlations  of  physiological  activity  with  the  structure 
of  3-alkylaminoisocamphanes.  It  was  shown  that  only  secondary  amines  are  appreciably  active  and  that  a  condi¬ 
tion  for  high  activity  is  that  one  of  the  radicals  attached  to  the  nitrogen  should  be  methyl  or  ethyl  Concerning 
the  specific  action  of  the  remainder  of  the  molecule,  it  was  still  not  clear  to  what  extent  presence  of  a  complex 
bicyclic  radical  was  necessary  for  high  gangliolytic  activity. 

With  the  objective  of  solving  this  problem,  we  synthesized  some  alicyclic  amines  of  the  cyclopentane  and 
cyclohexane  series  of  the  type  of  (IV).  These  products  contain  some  of  the  structural  features  of  mecamine  [(I), 

R  =  CHj].  The  following  steps  were  involved  in  the  synthesis: 


R 


R 


R 


/'X 

(CH2)«- 

(11) 


—OH  R>CN^  ^  ^ 

(Ch1)„- 

(III) 


-NHCOR'  LiAiH, 


(CH2)„- 


— NHCHaR', 
(IV) 


where  R  =  CH,,  CjHg,  n-CjH^,  n-C4H9;  R'  =  H,  CHji  n  *  1.2. 

We  synthesized  acylamines  (III)  with  the  help  of  the  Ritter  reaction  [3]  which  is  a  uniquely  convenient  method 
of  syndiesis  of  amides  with  highly  branched  radicals  attached  to  the  nitrogen,  including  tertiary  amides  (so-called 
carbinamides).  This  reaction  has  been  extensively  investigated  in  recent  years  [4]  and  has  made  carbinamides  and 
in  turn  carbinamines  easily  accessible  compounds;  among  the  latter  were  found  compounds  with  spasmolytic  acti¬ 
vity  [5]. 

For  the  nitrile  components  of  the  amidic  condensation  we  selected  hydrocyanic  acid  (R*  =  H)  and  acetonitrile 
(R*  =  CH3),  since  we  had  ^own  in  the  case  of  synthesis  of  mecamine  analogs  [2]  that  compounds  containing  methyl 
[(I),  R  =  CHj]  and  ethyl  (R  =  C2H5)  groups  possess  the  strongest  gangliolytic  activity. 

For  investigation  of  the  influence  of  the  nature  of  radical  R  and  of  the  size  of  the  alicyclic  ring  on  the 
physiological  activity  of  amines  (IV),  the  appropriate  tertiary  alcohols  of  the  cyclopentane  and  cyclohexane  series 
were  converted  into;l-methyl-,  1-ethyl-,  1-n-propyl-,  1-n-butyl  -  l-acetamidocyclopentanes<  1-methyl-and  1- 
ethyl-l-formamidocyclopentanes*  1-methyl-,  1-ethyl  and  1-n-propyl-l-acetamidocyclohexanesj  and  1-ethyl- 
1-formamidocyclohexane.  Tertiary  alcohols  (II)  were  condensed  with  acetonitrile  and  hydrocyanic  acid  under  the 
usual  conditions  of  the  Ritter  reaction,  i.e.  in  the  presence  of  concentrated  sulfuric  acid. 

Tertiary  alcohols  react  with  acetonitrile  equally  smoothly  in  a  medium  of  dibutyl  ether  or  of  glacial  acetic 
acid.  We  obtained  the  best  results,  however,  in  the  absence  of  a  solvent  and  with  use ofa two- fold  excess  of  ace¬ 
tonitrile  (in  relation  to  the  alcohol)  and  of  a  suitable  quantity  of  concentrated  sulfuric  acid  1-Ethylcyclopentanol 
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and  1- ethylcycloxanol  were  condensed  with  hydrocyanic  acid  in  propionic  acid  solution. 

The  resulting  substituted  acetamides  [(III),  R*  =  CHJ  are  colorless,  crystalline  substances,  readily  soluble  in 
the  majority  of  organic  solvents  and  difficultly  soluble  in  ligroine.  The  substituted  formamides  [(III),  R  =  CH8,  CjHg; 
R*  =  H]  have  low  melting  points;  they  were  therefore  purified  by  vacuum  distillation. 

Amides  (III)  were  subsequently  reduced  to  1-alkyl-l-alkylaminocycloalkanes  (IV)  with  the  help  of  lithium 
aluminum  hydride;  optimum  results  were  obtained  with  a  1.5-  to  2-fold  excess  of  the  reducing  agent  Amines 
(IV)  were  isolated  and  purified  in  the  form  of  their  hydrochlorides;  the  latter  were  prepared  by  reaction  of  the 
bases  with  hydrogen  chloride  in  ether.  The  hydrochlorides  of  1-ethyl-l-methylaminocyclopentane  and  1-ethyl- 
1 -ethyl am inocyclohexane  were  extremely  hygroscopic;  in  these  cases  the  bases  were  therefore  converted  to  the 
acid  oxalates  by  the  action  of  an  ethereal  solution  of  anhydrous  oxalic  acid. 

All  of  the  amines  (IV)  that  were  prepared  were  tested  for  their  gangliolytic  activity  by  Yu.  V.  Uranov.  The 
results  of  these  tests  show  that  the  majority  of  the  compounds  exert  gangliolytic  activity  in  doses  of  the  order  of 
10  mg/kg.  The  most  active  preparation  of  this  series  is  ethyl -(l-ethylcyclopentyl)-amine  [(IV),  n  =  1,  R  =  C2H5]. 
The  activity  is  halved  when  the  ethyl  radical  is  replaced  by  methyl  [(IV),  n  =  1,  R=  CHJ,  and  it  virtually  disappears 
when  larger  radicals  are  introduced  [(IV),  n  =  1,  R  =  n-CjH^  or  n-C4H9].  Amines  of  the  cyclohexane  series  are 
generally  less  active.  For  example,  [(IV,  n  =  2,  R  =  CHj]  is  nearly  inactive,  whereas  its  ethyl  analog  is  active  but 
not  as  active  as  the  cyclopentyl  analog. 

These  observations  show  that  the  presence  of  the  bicyclic  isocamphane  structure  is  not  essential  for  the 
development  of  ganglion -blocking  activity  in  secondary  amines.  At  the  same  time  a  rigid  conformation  of  the 
alicyclic  ring  appears  to  be  an  important  factor. 


EXPERIMENTAL 


The  starting  tertiary  alcohols  were  synthesized  from  cyclopentanone  or  cyclohexanone  and  the  appropriate 
alkylmagnesium  halide  by  the  known  procedures. 


1-Alkyl-l-acetamidocycloalkanes  [(III),  R*  =  CHJ.  To  a  mixture  of  0.1  mole  alcohol  and  0.2  mole  ace¬ 
tonitrile  was  added  in  small  portions  (with  stirring  and  cooling)  0.2  mole  of  98% sulfuric  acid,  the  temperature 
being  held  at  not  higher  than  40”.  After  it  had  been  kept  for  24  hr  at  room  temperature,  the  reaction  mass  was 
poured  onto  ice  and  neutralized  with  10%  ammonia.  The  resulting  crystalline  amides  were  purified  by  recrystall¬ 
ization  from  a  mixture  of  benzene  and  ligroine  or  by  sublimation  in  vacuo  at  70—80*  (  2  mm).  Yields,  constantst 
and  analytical  data  of  the  resulting  N-substituted  acetamides  are  presented  in  Table  1. 

y  \Lnh<'or' 

TABLE  1  I 

(CHt)«- 

Synthesis  of  Amides 


1 

4o. 

n 

R 

R' 

2? 

Melting 
point  ° 

Boiling 
point 
(mm  Hg) 

Found 

N  (  %) 

Empirical 

formula 

Calc. 

N(%: 

1 

L. 

1 

{ 

CIIs 

j 

57 

98—99° 

9.72,  9.71 

CrHisON 

9.92 

2 

r.Au, 

36 

86—87 

— 

9.02,  9.14 

CnllwON 

9.02 

3 

'n"C^HY 

CH3  } 

59 

111—111.5 

— 

8..5(),  8.51 

LJiolIio^N 

8.27 

4 

1  i 

1  u-C4Hn 

{ 

25 

89-90 

— 

7.35,  7.53 

C„H2iON 

7.64 

5 

C2H5 

82 

_ 

128-1300(5) 

10.02, 

CsHisON 

9.92 

9.90 

(j 

( 

CII3 

35 

83—84 

— 

8.91,  8.72 

CflIli70N 

9.02 

7 

C2I  i'r, 

CHs  [ 

65 

71—72 

— 

8.54,  8.56 

G,„II,90N 

8.27 

8 

^  < 

n-Cill7 

1 

72 

69-70 

— 

7.37,  7.56 

CiiHaiON 

7.64 

!» 

\ 

1 

C2ri6' 

H 

65 

130—132(3) 

9.10,  9.15 

G0H17ON 

9.02 

1 
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iADLc  ^  /\r 

Synthesis  of  Amines  j  |~NIICII,r'  .  iix 
^C'HOn- 


1 

1 

No, 

n 

R 

R' 

X 

Yield 
(in  %) 

Melting 

point 

Found (% 

Empirical 

formula 

Calcu¬ 

lated 

1 

CH, 

1 

6.") 

184—185° 

20.96 

CgHisNCI 

20.93 

2 

Calls 

61 

193—194 

19.68, 

CaHaoNCi 

19.95 

19.62 

3 

1 

n  -C3H7 

.'S2 

154-155 

18.61, 

CioH22^'^C1 

18.43 

Cl 

18.62 

4 

n-C4iIn 

CH3 

60 

147—148 

17.20, 

CnH24NCl 

17.24 

17.25 

5 

. 

CH3 

59 

203—204 

20.02, 

CoHanNCl 

19.95 

20.17 

(i 

2 

C2H5 

60 

193—194 

18.55, 

CioHaaNCl 

18.43 

18.68 

17.24 

7 

n  -C3II7 

58 

191—192 

17.26, 

CnHa4NCl 

17.12 

55.27, 

8.81 

8 

i 

Calls 

H 

C2O4H 

60 

163—164 

55.76, 

.5.5.78; 

CnH,n04N 

8.83, 9.00 

57.11, 

9.15 

9 

2 

CaHs 

H 

C2O4H 

57 

173—174 

57.81, 

57.80; 

CnH2,04N 

9.30,  9.40 

Note.  Cl  ccMitent  given  in  expts.  1-7,  and  C  and  H  contents  in  expts.  8  and  9. 

l"Ethyl-l-formamidocycloalkanes  [(III),  R'  =  H],  To  a  suspension  of  0.2  mole  potassium  cyanide  in  a  solu¬ 
tion  of  0.1  mole  alcc^ol  in  20  ml  propionic  acid  was  added  dropwise,  with  intensive  stirring,  0.3  mole  of  98% 
sulfuric  acid.  The  temperature  of  the  mixture  was  kept  at  not  higher  than  10”  during  the  operation.  After  the 
reaction  mass  had  been  kept  for  24  hr  at  room  temperature,  it  was  poured  onto  ice  and  neutralized  with  ammonia. 
An  oil  separated  and  was  extracted  with  benzene  and  distilled  in  vacuo.  Yield,  constants,and  analytical  data  are 
presented  in  Table  1. 

Hydrochlorides  of  1-alkyl-l-alkylaminocycloalkanes  (IV).  0.05  mole  of  amide  (III)  was  added  to  a  solution 
of  0.08  mole  lithium  aluminum  hydride  (from  0.08  mole  aluminum  bromide  and  0.32  mole  lithium  hydride)  in  50 
ml  absolute  ether.  The  mixture  was  then  stirred  at  the  boil  for  4  hr.  100  ml  30%NaOH  was  tfien  run  in  (ice  cool¬ 
ing);  the  ether  layer  was  collected;  the  aqueous  layer  was  extracted  twice  with  ether,  and  the  combined  ether 
extracts  were  dried  with  solid  alkali,  and  filtered;  the  solution  was  then  concentrated  to  a  volume  of  15—20  ml 
by  distillation  of  solvent.  To  the  remaining  ethereal  solution  of  amine  was  added  (with  cooling)  an  ethereal  solu¬ 
tion  of  hydrogen  chloride  until  the  amine  hydrochloride  had  been  completely  precipitated  (alternatively  the  ethereal 
solution  of  the  amine  was  added  to  an  ethereal  solution  of  anhydrous  oxalic  acid).  The  precipitated  crystals  of 
hydrochloride  or  acid  oxalate  were  filtered,  washed  on  the  filter  with  absolute  ether  and  dried  in  a  vacuum -desicca¬ 
tor.  Yields,  constants,  and  analytical  data  for  the  salts  of  amines  (IV)  are  presented  in  Table  2. 

SUMMARY 

L  Interaction  of  1-alkyl-  1-cyclopentanols  and  1-alkyl-l-cyclohexanols  with  acetonitrile  and  with  hydrogen 
cyanide  by  the  Ritter  reaction  and  subsequent  reduction  of  the  amides  with  lithium  aluminum  hydride  gave  a  series 
of  1-alkylcyclopentyl-  and  l-alkylcyclohexyl-l-alkylamines. 

2.  Tests  of  the  prepared  compounds  for  ganglion -blocking  activity  show  that  the  presence  of  the  isocamphane 
skeletcm  is  not  an  essential  condition  for  the  manifestation  of  ganglion -blocking  activity  by  secondary  amines. 

3.  Some  data  for  the  relation  between  physiological  activity  and  structure  of  the  prepared  compounds  were 
discussed. 
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AMINES  WITH  GANGLIOLYTIC  ACTIVITY 
n.  ALIPHATIC  AMINES  CONTAINING  TERTIARY  RADICALS 

N.  K.  Kochetkov,  A.  Ya.  Khorlin,  L.  A.  Vorotnikova,  and  K.  I.  Lopatina 
Institute  of  Pharmacology  and  Chemotherapy  of  the  Academy  of  Medical  Sciences  USSR 


In  the  preceding  communication  [1]  we  presented  data  for  the  synthesis  of  secondary  amines  in  which  one  of 
the  radicals  is  tertiary  and  is  attached  to  a  cyclohexane  ring.  These  compounds,  which  are  simpler  analogs  of  a 
strong  ganglion-blocking  agent— 3-methylaminoisocamphane  (Mecamine)[2]— were  less  active  than  Mecamine  but 
nevertheless  exhibited  marked  ganglion -blocking  activity.  This  was  a  very  interesting  observation  because  hardly 
anything  had  previously  been  known  about  the  ganglion-blocking  activity  of  amines. 

With  the  aim  of  further  investigation  of  the  relation  between  the  ganglion-blocking  activity  and  the  structure 
of  the  amine  molecule,  we  synthesized  some  even  simpler  analogs  of  Mecamine  belonging  to  the  aliphatic  series 
and  containing  a  tertiary  radical  at  the  nitrogen  atom.  No  information  about  this  type  of  secondary  amine  has 
hitherto  appeared  in  the  literature.  We  synthesized  these  compounds  by  the  following  reactions: 


Ri\ 

Ra^C-OH 

Rg/ 

(I) 


R'CN 


Ri\ 

Ra^C-NIICOR' 

R3/ 

(11) 


LIAIII, 


Rl\ 

Ra^— NHCHaR' 

R3/ 

(III) 


The  Ritter  reaction  [1]  was  employed  for  preparation  of  N-tert-alkylamide$  (II).  Alkylamides  (H)  were 
obtained  by  condensation  of  readily  available  tertiary  alcohols  with  acetonitrile  or  hydrogen  cyanide  in  presence 
of  concentrated  sulfuric  acid  without  a  solvent  (with  acetonitrile)  or  in  acetic  acid  (with  hydrogen  cyanide)  under 
die  conditions  that  we  previously  employed.  The  yields  of  N-tert -alkylamides  (II)  depend  in  large  measure  on  the 
degree  of  branching  of  the  chain  of  the  starting  alcohol  (Table  1)  and  they  generally  tend  to  fall  with  increasing 
number  of  quaternary  carbon  atoms  in  the  chain.  This  trend  is  probably  associated  with  secondary  reactions  that 
take  place  in  presence  of  concentrated  sulfuric  acid.  One  possibility  is  isomerization  of  the  radicals.  These  second¬ 
ary  reactions  can  result  in  a  considerable  increase  in  the  amount  of  unwanted  impurities.  All  of  the  N-tert -alkyl¬ 
amides  (II)  that  we  prepared  (Table  1)  are  well -crystallized  substances  which  are  easily  separated  from  the  reaction 
mixture.  The  sole  liquid  amide  [(II),  R1R2R3C  =  (CH3)  (C2H5)  (C3H-y)  C,  R*  =  CH3]  was  purified  by  distillation. 

Transition  from  amides  (II)  to  secondary  amines  was  effected  by  reduction  with  lithium  aluminum  hydride. 
Maximum  yields  were  obtained  by  using  a  1. 3>-2-fold  excess  of  the  hydride.  The  secondary  amines  (III)  were 
Immediately  converted  to  the  hydrochlorides  by  saturation  of  the  ethereal  solutions  of  the  products  with  hydrogen 
chloride.  All  of  them  are  stable,  crystalline  substances  (Table  2). 

All  of  the  prepared  amines  (III)  were  subjected  to  pharmacological  tests  by  D.  A.  Kharkevich.  They  exhibited 
high  ganglion-blocking  activity,  in  doses  of  2—4  mg/ kg  they  cause  blockade  of  the  ganglions  for  periods  of  30 
minutes  to  2. 5  hr. 

The  most  active  of  the  preparations  was  ethyl-(3-ethyl-3-pentyl)-amine  [(III),  R^  =  R2  =  R3  =  R’  =  C2H5]  which 
approaches  Hexonium  in  activity  and  toxicity.  If  one  or  two  of  its  ethyl  radicals  are  replaced  by  methyls  (compounds 
2  and  3  in  Table  2),  there  is  a  sharp  drop  in  activity.  On  the  other  hand,  branching  of  the  chain  has  little  influence 
on  the  activity.  Regarding  the  influence  of  a  second  alkyl  radical  (R')  on  the  ganglion -blocking  activity,  the  best 
results  are  again  obtained  with  ethyl  derivatives  [(III),  R'  =  C2H5]:  replacement  of  ethyl  by  methyl  lowers  the 
activity  by  a  factor  of  approximately  2, 
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1 


TABLE  1 


Synthesis  of  Amides  R-NH-CO-R* 


No. 

R' 

field 
[In  w 

Md 

N 

calcd 

1 

(CllalsC 

50 

97_980* 

_ 

CelliaON 

2 

(CIl3)2(C2H5)C 

51 

78-80 

10.69, 10.89 

CjHj^ON 

10.84 

3 

(CII.,)(C2H5)2C 

50 

80—82 

9.50, 9.68 

CgllnON 

9.77 

4 

(C2ll5)3C 

55.5 

86—87 

9.26, 9.25 

CflHiaON 

8.91 

5 

(CH3)3G(Clf3)2C 

78.9 

109—110 

8.83, 8.62 

C„H,«ON 

8.91 

6 

(CH3)3C(CH3)(C2H5)C 

.52 

107—109 

8.41,8.45 

CinH*>iON 

8.18 

7 

(Cll3)2fn  -03ll7)G 

30 

.57—58  . 

9.80, 9.91 

CsHijON 

9.77 

8 

(CH3)2CH(CH3)2C 

30 

62—64 

9.66, 9.74 

CslInON 

9.77 

9 

(CH3)(C2H5)(C3H7)C 

32 

b.  p. 

9.51, 9.55 

CalljuON 

8.91 

104—106 

(5mn:^ 

10 

(CH3)2(n-C4Ho)C 

93 

65—67 

9.11,9.05 

CoHxoON 

8.91 

11 

(CH3)3C(CH3)2C 

H  1 

32 

129-130 

10.03,9.79 

C8H17ON 

9.77 

12 

(G2H5)3C 

53 

98—100 

10.01, 10.06 

C8llj70N 

9.77 

*  Literature  data  [3]:  m.p.  97-98*. 
TABLE  2 


Synthesis  of  Amides  R-NH-CHj-R‘  ‘HCl 


R 

R'  ' 

Found  °lo 

Empirical 

N  calc 

d 

Z 

point 

N 

Cl 

formula 

N 

Cl 

1 

(CHaJaC 

60 

204-205° 

— 

25.75, 

25.47 

CeHieNCl 

— 

25.76 

2 

(CH3)2(C2H5)C 

60 

151—153 

9.32, 9.42 

23.40, 

23.20 

C7H18NGI 

9,23 

23.36 

3 

(CH3)(C2H5)2C 

55 

160—162 

8.60,8.62 

21.30 

GgHgoNGl 

8.45 

21.39 

21.21 

4 

(CaHgJaC 

83.8 

178 

7.75, 7.79 

19.78, 

19.73 

G9H22NGI 

7.79 

19.72 

5 

(CH3)3C(CH3)2C 

80 

2.56—258 

7.94, 7.63 

19.74, 

19.70 

GgHzgNGi 

7.79 

19.72 

6 

(CHafeQCHaXCaHsJC 

CH3 

80 

209—211 

7.45.  7.53 

18.32, 

18.33 

G10H24NGI 

7.23 

18.29 

7 

(CH3)2(n  -C3H,)C 

50 

130 

8.28, 8.15 

21.20, 

21.30 

GgHjoNGl 

8.45 

21.39 

8 

(CH3)2CH(CH3)2C 

53 

174—176 

8.22,8.14 

21.28, 

21.27 

C8H20NGI 

8.45 

21.39 

9 

(CH3)(C2ll5)|l-C3H7)C 

63.3 

153—156 

8.11,8.08 

19.67, 

19.77 

G9H22NGI 

7.79 

19.72 

10 

(CH3)2(n  -C4H8)C 

66 

153—155 

8.14, 8.08 

19.61, 

19.67 

G9H22NGI 

7.79 

19.72 

11 

(CH3)3C(CH3)2C 

H 

63 

232-232.5 

8.53, 8.57 

21.40, 

21.38 

CgHaoNGl 

8.45 

21.39 

12 

(C2H513C 

H 

50 

171—172 

8.12, 8.16 

21.34, 

21.28 

CgHaoNGl 

8.45 

21.39 

We  have  thus  discovered  a  new  class  of  ganglion- blocking  substances  -  secondary  amines  with  tertiary 
radicals.  The  results  of  the  pharmacological  tests  of  this  series  point  to  the  desirability  of  preparation  of  other 
compounds  of  this  class,  and  in  particular  of  the  corresponding  aliphatic  diamines.  The  latter  will  be  the  subject 
of  our  next  communication. 
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EXPERIMENTAL 


The  alcohols  (2-methyl-2-butanol,  3-methyl -3-pentanol,  3-ethyl -3-pentanol,  2-methyl-2-pentanol,  2- 
methyl-2-hexanol,  2,2,3-trimethyl-3-butanol,  2,2,3-trimethyl-3-butanol,  2,2,3-trimethyl-3-pentanol,  2,3-di- 
methyl-2 -butanol,  and  3-methyl-3-hexanol)  were  prepared  from  the  corresponding  ketones  and  alkylmagnesium 
halides  by  known  methods  [4]. 

N-tert-Alkylacetamides  [(II),  R*  =  CHJ.  0. 2  mole  of  98*54)  sulfuric  acid  was  stirred  in  portions  at  not  higher 
than  40*  into  a  mixture  of  0.1  mole  of  the  alcohol  and  0.2  mole  of  acetonitrile.  After  being  kept  for  2  days  at 
room  temperature,  the  reaction  mass  was  poured  on  ice  and  neutralized  with  10*91)  ammonia.  The  crystals  were 
dried  and  subjected  to  distillation  at  60—80*  (1—2  mm).  Data  for  these  N-substituted  acetamides  appear  in  Table  1. 

N-tert-Alkylformamldes  [(11,  R*  =  H].  0,4  mole  of  98*54)  sulfuric  acid  was  stirred  dropwise  at  not  higher  than 
10—15*  Into  a  suspension  of  0.2  mole  potassium  cyanide  in  a  solution  of  0.1  mole  of  the  alcohol  (I)  and  30  ml 
glacial  acetic  acid.  The  reaction  mass  was  then  left  for  24  hr  at  room  temperature.  The  mixture  was  poured  on 
ice  and  neutralized  with  ammonia.  The  resulting  oily  layer  was  extracted  with  benzene;  the  extracts  were  dried 
with  calcium  chloride,  and  the  solvent  and  secondary  products  were  distilled  off  (toward  the  end  in  vacuo  until 
the  boiling  point  of  the  distillate  had  reached  80*  (20  mm). 

The  residue  (mainly  substituted  formamide)  was  purified  by  recrystallization  from  a  mixture  of  benzene  and 
ligroine  and  by  subsequent  sublimation.  Constants  and  analytical  data  of  the  amides  are  given  in  Table  1. 

Hydrochlorides  of  amines  (III).  0.05  mole  of  amide  (II)  was  added  to  a  solution  of  0.08  mole  of  lithium 
aluminum  hydride  in  50  ml  absolute  ether,  and  the  reaction  mixture  was  gently  boiled  for  1—2  hr.  Addition  was 
then  made  (ice  cooling)  of  100  ml  40*54)  sodium  hydroxide  solution;  the  ether  layer  was  separated,  the  aqueous 
layer  was  extracted  several  times  with  ether,  and  the  combined  ether  extracts  were  dried  with  solid  caustic  alkali. 
After  filtration,  the  dried  extract  was  concentrated  to  a  volume  of  15—20  ml.  An  ethereal  solution  of  hydrogen 
chloride  was  then  added  (with  cooling)  until  the  hydrochloride  of  the  amine  had  been  completely  brought  down. 

The  crystals  were  filtered,  washed  on  the  filter  with  ether.and  recrystallized  from  absolute  acetone.  Data  for  the 
hydrochlorides  of  the  amines  are  presented  in  Table  2. 

SUMMARY 

1.  A  new  class  of  gangliolytics— secondary  amines  containing  tertiary  radicals—  was  synthesized  by  condensa¬ 
tion  of  tertiary  alcohols  with  acetonittile  and  subsequent  reduction  of  the  amides  with  lithium  aluminum  hydride. 

2.  Data  for  the  relation  between  the  physiological  activity  and  the  structure  of  these  amines  were  discussed. 
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INDOLE  DERIVATIVES 

VI.  6-SUBSTmJTED  1,  2,  3,  4- TETRAHYDRO-  y-CARBOLINES 

N.  K.  Kochetkov,  N.  F.  Kucherova,  L.  P  Pronina, and  M.  I.  Petruchenko 
Institute  of  Pharmacology  and  Chemotherapy  of  the  Academy  of  Medical  Sciences  USSR 


Some  derivatives  of  1,2,3,4-tetrahydro-y -carboline  possess  physiological  activity.  Among  them  are  prepa¬ 
rations  with  a  strong  antihistaminic  activity  [1]  whose  syndiesis  has  been  closely  studied  [2].  Some  derivatives  of 
1,2,3,4-tetrahydro-y-carboline  containing  functional  substituents  in  the  6  position  of  the  carboline  ring  were  also 
synthesized.  A  recent  report  [3]  of  antimetabolites  of  serotonin,  which  are  derivatives  of  1,2,3,4-tetrahydrocarbazole, 
renders  particularly  interesting  the  synthesis  of  derivatives  of  tetrahydro-y  -carboline  whose  structure  still  more 
closely  approaches  that  of  serotonin.  We  also  know  that  substitution  at  the  indole  nitrogen  atom  strongly  affects 
dieir  physiological  activity  [4]. 

We  have  succeeded  in  synthesizing  two  types  of  6-substituted  tetrahydro-y -carbolines— those  not  substituted 
at  the  indole  nitrogen  and  those  containing  a  n-butyl  radical  in  position  9.  The  two  synthesis  were  similar  in  pattern. 
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R  =  H  or  n-(C.^9) 


They  were  based  on  the  Fischer  condensation  [2].  Condensation  of  p-carbethoxyphenylhydrazine  (I,  R  =  H) 
and  N-(p-carbethoxyphenyl-n-butylhydrazine)  (I,  R=  n-C^Hj)  with  N- methyl-y -piper idone  gave  3-methyl-6- 
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was  boiled  with  280  ml  of  2  N  alcoholic  HCl.  The  alcohol  was  driven  off  in  vacuo  and  the  residue  recrystallized 
from  aqueous  alcohol  to  give  13  g  of  hydrochloride  with  m.p.  244—245“  (decomp.). 

Found  %:  N  9.23,  9.45;  Cl  12.11,  12.15.  GisHi^OaNzCl.  Calculated  %  N  9.50;  Cl  12.01. 

4.2  g  of  the  hydrochloride  of  the  ester  was  dissolved  in  water  and  the  aqueous  solution  made  alkaline  with 
aqueous  potassium  carbonate  solution.  The  precipitate  was  filtered,  washed  with  water  and  twice  recrystallized 
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from  a  mixture  of  benzene  and  ligroine.  Yield  3.0  g  (80%)  of  3-methyl-6-carbethoxy-l,2,3,4-tetrahydro-y-car- 
boline  with  m.p.  145—146*. 

Found  %:  N  11.09,  10.97.  CisHjgOjNz.  Calculated  %:  N  10.84. 

Methlodide.  1. 2  g  (III,  R  =  H)  was  dissolved  in  200  ml  absolute  ether,  4. 5  g  CH3I  was  added  and  the  mixture 
stood  at  room  temperature  for  48  hr.  The  precipitate  was  filtered  off  and  recrystallized  from  water  to  give  1. 6  g 
of  methlodide  with  m  p.  225—226*. 

Found  %;  N  6.69,  6.75,1  31.83,  31.93  CieHjiOjNjI,  Calculated  %:  N  6.99;  1!  31.71. 

3-Methyl-6-carboxyhydrazide“l,2,3,4-tetrahydro-y-carboline  (IV,  R=  H).  4.8  g  of  (III,  R  =  H)  was  boiled 
in  40  ml  anhydrous  alcohol  with  18  ml  98%  hydrazine  hydrate  for  18  hr.  The  precipitate  was  filtered,  the  alcoholic 
solution  was  evaporated  in  vacuo,  and  the  residue  was  run  into  water.  The  resulting  precipitate  was  filtered  and  the 
combined  precipitates  were  recrystallized  from  anhydrous  alcohol  to  give  3. 9  g  (84.7%)  with  m.p.  243—245*. 

Found  7o:  N  22.72,  22.84.  Ci3Hi<pN4.  Calculated  %:  N  22.93. 

3-Methyl-6-carboxydiethylamido-l,2,3,4-tetrahydro-y-carboline  (VI,  R=  H).  8  g  of  (IV,  R  =  H)  was  dissolved 
in  1  liter  water  with  52  ml  cone.  HCl.  The  reaction  mixture  was  cooled  to  0*  and  2.6  g  NaN02  in  35  ml  water 
was  added.  The  resulting  suspension  of  the  hydrochloride  of  the  azide  (V,  R  =  H)  was  held  in  the  cold  for  2  hr.  It 
was  thereupon  made  alkaline  with  saturated  potassium  carbonate  solution;  the  precipitate  was  filtered,  washed 
with  water,  and  dried  in  vacuo  to  give  8.8  g  (91%)  of  product  without  a  definite  melting  point.  It  decomposed  on 
heating. 

8.8  g  of  (V,  R  =  H)  was  boiled  for  1  hr  with  35  ml  diethylamine.  The  excess  of  diethylamine  was  distilled 
off  and  die  residue  was  recrystallized  from  dioxane  with  addition  of  carbon.  There  was  obtained  5.8  g  (51.8%)  of 
(VI,  R=  H)  with  m.p.  137.5-138*. 

Found  %:  C  71.70.  71.78;  H  8.16,  8.22.  C^HzaGNj  Calculated  %:  C  71.54;  H  8.12. 

3-Methyl-6-diethylaminomethyl-l,2,3,4-tetrahydro-y-carboline  (VII,  R=  H).  2. 1  g  of  carboxyamide  (VI, 

R  =  H)  in  25  ml  tetrahydrofuran  was  brought  into  an  ethereal  solution  of  LiAlH4  (from  7. 2  g  AlBr,  and  0.88  g  LiH 
in  30  ml  ether),  and  the  reaction  mass  was  stirred  20  hr  at  room  temperature.  The  excess  of  LiAlH4  was  decomposed 
with  water  and  the  reaction  mixture  was  made  alkaline  with  cone.  NaOH.  The  ether— tetrahydrofuran  extract  was 
separated.  The  aqueous  layer  was  twice  extracted  with  ether,  and  the  combined  extracts  were  dried  over  ignited 
potassium  carbonate.  The  solvents  were  distilled  off.  The  residue  crystallized  It  was  recrystallized  from  ligroine. 
Yield  1.5  g  of  (VII,  R=  H)  (77. 7% )  with  m.p.  118-120*. 

Found  %;  C  75.37,  75.32;  H  9.13,  9.06;  N  15.01,  15.15.  C17H25N3.  Calculated  %;  C  75.23;  H  9.27;  N  15.43. 

Dihydrochloride  of  3-methyl-6-carboxyamidinO“l,2,3,4-tetrahydro-y -carboline.  2.4  g  p-hydrazinobenzami- 
dine  [3]  and  1.5  g  N -methyl -y -piper  id  one  was  boiled  1.5  hr  with  30  ml  cone.  HCl.  A  precipitate  came  down  on 
cooling  and  was  filtered.  Yield  1.5  g  (84.3%).  M,p.  305—306*  (decomp.)  after  3 recrystallizations  from  85% 
isopropyl  alcohol. 

Found  %:  C  51.20;  H  6.4;  N  18.64,  18.72.  Ci3HbN/:12.  Calculated  %;  C  51.83;  H  6.02;  N  18.60. 

n-Butyl-(p -carbethoxyphenyl)-nitrosoamine.  37  g  of  n-butyl-p-carbethoxyaminobenzoic  acid  [5]  was  dissolved 
in  370  ml  alcohol  containing  19  ml  cone,  H2SO4.  The  reaction  mixture  was  cooled  to  -5*  and  a  solution  of  11. 5  g 
NaN02  in  1.5  liter  water  was  added  dropwise.  The  ethereal  extract  was  dried  with  anhydrous  Na2S04  and  the  ether 
was  distilled  off.  Yield  35  g  (83%)  of  a  yellow -red  oil  which  was  reduced  without  purification. 

N  -(p -Carbethoxyphenyl)-N-  n-butylhydrazine .  22  g  of  n-butyl-p-carbethoxyphenylnitrosoamine  was  dissolved 
in  100  ml  alcohol.  Addition  was  then  made  of  60  g  zinc  dust  and  25  ml  acetic  acid  at  such  a  speed  that  the  tempera¬ 
ture  did  not  exceed  40*.  The  reaction  mixture  was  then  stirred  1  hr,  the  excess  of  zinc  was  filtered  off,  and  the 
filtrate  was  evaporated  to  i  of  its  original  volume.  To  the  residue  was  added  an  equal  volume  of  water  and  the 
solution  was  made  strongly  alkaline  with  40%  NaOH.  It  was  then  extracted  3  times  with  ether.  The  ether  extract 
was  dried  with  Na2S04  and  a  stream  of  dry  hydrogen  chloride  was  passed  through  it.  There  was  obtained  11  g  (46.2%) 
of  the  hydrochloride.  Part  of  the  product  was  quickly  recrystallized  from  cone.  HCl:  m.p.  160—163*. 

Found  %:  N  10.21,  10.09;  Cl  12.66,  12. 87.  C13H2P2N2CI.  Calculated  %:  N  10.27;  Cl  12.  99. 
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Hydrochloride  of  3-methyl-6-carboxy-9-n-butyl-l,2,3,4-tetrahydro-y -carboline  (II,  R=  n-C^Hq).  0. 5  g  of 
hydrochloride  of  N-(P“carbethoxyphenyl)-N  n-butylhydrazine  and  0.25  g  N-methyl-y -piperidone  were  boiled  for 
1.5  hr  with  7  ml  cone,  HCl.  The  reaction  mass  was  evaporated  to  dryness  in  vacuo.  To  the  residue  was  added 
a  few  ml  of  warm  anhydrous  alcohol  and  the  solution  was  filtered.  Trituration  for  a  short  time  resulted  in  deposi¬ 
tion  of  white  crystals  which  were  filtered.  Yield  0.4  g  (5^o).  M.p.  120— 122"  (decomp. )  after  recrystallization 
from  anhydrous  alcohol. 

Found N  8.38;  8. 64; Cl  10.76,  10.45.  CitHjjOjNjCI.  Calculated  N  8.67;  Cl  10.98. 

Hydrochloride  of  3-methyl-6-carbethoxy-9-n -butyl-1, 2, 3, 4-tetrahydro- y -carboline  (III,  R=  n-C^Hg).  2  g 
of  the  hydrochloride  of  (II,  R  =  n-C4H9)  was  boiled  12  hr  with  50  ml  of  20%  solution  of  hydrochloric  acid  in  anhydrous 
alcohol.  The  alcohol  was  distilled  off  in  vacuo  and  the  residue  was  recrystallized  from  a  mixture  of  anhydrous 
alcohol  and  ether.  There  was  obtained  1. 5  g  (71.4%).  M  p.  210—211.5"  after  two  recrystallization  from  a  mixture 
of  anhydrous  alcohol  and  ether. 

Found  %:  C  65.07,  65.27;  H  8.05,  7.96;  N  7.98,  8.07;  Cl  9.75,  9.67.  CigHjANjCl.  Calculated  %:  C 
65.03;  H  7.72;  N  7.98;  Cl  10.10. 

3-Methyl-6-carboxyhydrazido-9-n-butyl-l, 2, 3, 4-tetrahydro-  y -carboline  (IV,  R  =  n-C^Hq).  8. 5  g  of  the 
hydrochloride  of  (III,  R  =  n-C4H9)  was  dissolved  in  a  small  quantity  of  water  and  potassium  carbonate  solution  was 
added  until  the  reaction  was  alkaline.  An  oil  separated  out  and  was  extracted  with  ether.  The  ethereal  extract 
was  dried  with  anhydrous  Na2S04,  and  the  ether  was  distilled  off  in  vacuo  to  leave  7. 1  g  of  non-crystallizing,  light- 
yellow  oil;  this  was  dissolved  in  57  ml  anhydrous  alcohol,  25  ml  hydrazine  hydrate  was  added,  and  the  reaction 
mass  was  refluxed  for  18  hr.  The  alcohol  was  distilled  off  in  vacuo  and  the  residue  was  poured  into  a  ten-  fold  volume 
of  water.  An  oil  separated.  The  water  was  decanted  off  and  to  the  residue  was  added  2-3  ml  benzene.  The 
reaction  mass  then  crystallized  completely.  Yield  6. 7  g  (89.3%).  Two  recrystallizations  from  benzene  gave  thin, 
colorless  needles  with  m.p.  144—145". 

Found  %:  N  18. 37,  18.44.  C17H2PN4.  Calculated  %:  N  18.65. 

3-Methyl~6-carboxydiethylamido-9-n-butyl-l, 2, 3,4-tetrahydro-y -carboline  (VI,  R=  n-C4H9).  1. 5  g  of 
(IV,  R  =  n-C^9)  was  dissolved  in  220  ml  water  containing  9.8  ml  cone.  HCl.  The  reaction  mass  was  cooled  to  0", 

0.4  g  of  NaN02  in  5  ml  of  water  was  stirred  in,  and  the  mass  was  held  at  the  same  temperature  for  another  1.5  hr 
before  being  neutralized  with  potassium  carbonate  solutioa  The  azide  (V,  R  =  n-C4H9)  separated  out  and  was 
filtered,  washed  with  water,  and  dried  in  vacuo.  The  azide  is  stable  at  room  temperature  but  does  not  possess  a 
definite  melting  point.  Weight  1. 1  g  (69%). 

0,5  g  of  the  azide  was  heated  for  15  min  with  3  ml  diethylamine  and  kept  for  1  hr  at  room  temperature; 
excess  of  diethylamine  was  removed  in  vacuo.  A  light-yellow  oil  was  obtained  which  did  not  crystallize  from 
various  solvents.  It  was  dried  in  vacuo.  Yield  0.5  g  (99%). 

Picrate:  m.p.  190—192"  (decomp.)  after  recrystallization  from  aqueous  alcohol.  Yellow  needles. 

Found  %;  C  57.10,  56.99;  H  6.27,  6,22;  N  14.27,  14.41.  CjTHaPgNg.  Calculated  %:  C  56.77;  H  6.00; 

N  14.27. 

3-Methyl-6-diethylaminomethyl-9-n-butyl-l, 2, 3, 4-tetrahydro-y -carboline  (VII,  R=  n-C4H9).  5.5  g  of 
carboxyamide  (VI,  R  =  n-C4H9)  in  50  ml  tetrahydrofuran  was  put  into  an  ethereal  solution  of  LiAlH4  (from  19  g 
AlBrg  and  2.4  g  LiH  in  100  ml  ether).  The  reaction  mixture  was  stirred  for  24  hr  at  room  temperature.  Treatment 
on  the  lines  of  that  for  3-methyl-6-dIethylaminomethyl-l, 2, 3,4-tetrahydro-v -carboline  (VI,  R=  H)  gave  5  g  (96%) 
of  a  light -yellow,  noncrystallizing  mass. 

Dimethiodide.  2.5  g  of  the  oil  was  dissolved  in  100  ml  ether;  6  g  methyl  iodide  was  added,  and  the  mass 
was  stood  at  room  temperature  for  24  hr.  The  precipitate  was  filtered  and  twice  recrystallized  from  anhydrous 
alcohol.  Yield  9  g  (93.7%)  with  m.p.  178—180.5", 

Found  %;  C  45.58;  H  6.54;  1  41.78,41.56;  N  6.53,  6.61.  C2SH39N3I2.  Calculated  %:  C  45.16;  H  6.43; 

N  6.87:  I  41.51. 
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SUMMARY 


The  synthesis  is  described  of  a  series  of  derivatives  of  3-methyl-l,2,3,4-tetrahydro-y-carboline  and  of  3- 
inethyl-9-n-butyl-l,2,3,4-tetrahydro->'-carboline  containing  functional  substituents  in  position  9. 
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THE  DISSOCIATION  OF  MALACHITE  GREEN  BASE 

K.  Shekhter,  A.  V.  Savitskii, and  I.  I.  Moiseev 
Institute  of  Fine  Chemical  Technology 


The  dissociation  of  triarylcarbinols  is  of  interest  as  a  reaction  that  yields  a  stable  carbonium  Ion.  Several 
studies  have  been  made  of  reactions  of  this  type  [1,  2],  but  in  no  instance  have  the  equilibrium  values  of  AH  and 
AS  been  determined. 

In  the  present  work  a  spectrophotometric  study  is  made  of  the  dissociation  of  Malachite  Green  in  aqueous 
solution  containing  about  S^oof  dioxane  at  15,  25»and  35"  in  presence  of  a  phosphate  buffer  (pH  from  5.29  to  8.04). 

If  the  dissociation  equilibrium  is  not  complicated  by  secondary  processes  and  if  the  optical  density  of  the 
solution  is  proportional  to  die  concentration  of  the  cation  of  die  dye,  then  the  following  equation  expresses  the 
dependence  of  the  optical  density  D  on  the  pH  and  the  initial  carbinol  concentration  [ROHlg; 

1+A'h/lH+l 

where  e  is  the  extinction  coefficient  of  the  carbonium  ion,  ^  is  the  layer  thickness,  and  K  ^is  the  hydrolysis  constant. 

It  follows  from  equation  (1)  that  when  the  pH  is  constant  the  value  of  D  is  proportional  to  that  of  [ROH]o. 
Results  of  experiments  at  pH  7. 73  are  plotted  in  the  diagram. 

In  order  to  find  the  hydrolysis  constant  we  must  know  the  value  of  the  extinction  coefficient  «  .  We  cal¬ 
culated  the  following  values  of  €  from  the  optical  density  of  the  solution  at  pH  5.29  (when  the  carbinol  is  com¬ 
pletely  dissociated):  7^70  i  0.26  •  10^  (X  620  m  y)  and  2.17  +  0.10  X  10^  liter  •mole“^.cm"^  ( X 562  my). 

The  dissociation  constants  K  of  the  base  were  obtained  from  the  values  of  calculated  with  the  help  of 
equation  (1).  Results  of  the  experiments  are  shown  in  the  table,  together  with  the  values  of  AH  and  AS  found  by  the 
method  of  least  squares  from  the  temperature  dependence  of  log  K. 

In  the  experiments  canied  out  with  y  =  0.01  g-ion  X  liter"*, 
the  error  in  the  values  of  -log  K  -is  greater  than  in  the  experiments 
with  y  =  0.05  g-ioi  X  liter**.  This  is  probably  because  in  the  calcu¬ 
lations  for  the  first  series  of  experiments  we  used  tabulated  values 
of  pH  [  3]  whereas  for  the  second  series  we  used  the  pH  values  obtained 
potent iometrically.  Later  it  was  found  desirable  to  consider  only  the 
values  AH  =  10.6  kcal  x  mole  "  *  and  As  =  4. 18  esu.  For  our  selected 
buffer  concentrations,  we  can  neglect  the  values  of  Any  and  ASy 
which  are  associated  with  ions  of  ftxreign  electrolytes. 

It  should  be  noted  that  in  our  case  the  As  of  the  reaction  is  con¬ 
siderably  larger  than  in  the  case  of  dissociation  of  protonic  acids  (AS 
w  -22  ±  5  esu  [4]).  This  difference  is  consistent  with  the  hypothesis 
that  the  cation  of  a  dye  is  very  much  more  weakly  hydrated  than  a 
hydrogen  ion. 


0 


Optical  density  of  the  solution  as  as 
function  of  the  initial  concentration  of 
the  carbinol  for  y  =  0.05  g-ion  x  liter** 
pH  7.73  and  t=  35". 
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/i(g-Ion* 

llter'^ 

Temp 

pH  range 

-log  K 

^H 

in 

^S(bsu) 

-log  K 
by  least 
s  quares 

No.  of 
j\pr. 

mole 

( 

15 

7.19  ±  0.10 

f 

7.19 

5 

0.01 

25 

5.29—8.04 

(>.84  ±0.10 

11.7 

8.12  { 

0.89 

16 

1 

35 

6.02  ±  0.13 

1 

6.01 

6 

f 

15 

7.15  ±  0.03 

1 

7.16 

4 

0.0.")  1 

25 

.5.29—7.73 

0.92  ±  0.07 

10.0 

4.18  1 

6.89 

9 

1 

35 

6.07  ±  0.05 

1 

6.63 

6 

On  the  basis  of  the  literature  data! 2]  and  our  own  data,  we  can  calculate  the  activation  parameters  for  the 
dissociation  of  die  carbinol  to  ions;  AH  =  25  kcal  mole  AS^  =  6.2  esu.  The  negative  enuopy  of  activation 
indicates  that  in  the  transition  state  the  carbinol  molecule  is  strongly  polarized  (or  constitutes  an  ionic  pair)  and 
solvation  effects  play  an  important  part. 

Hydrolysis  of  triphenylmethyl  acei;pte  in  10%  aqueous  dioxane  and  methanol  with  rupture  of  the  alkyl -oxygen 
bond  is  associated  with  an  entropy  of  activation  of  -3.7  and  -7. 5  esu  respectively  [5].  In  this  reaction  it  is  possible 
that  the  activated  complex  is  likewise  the  solvated  polarized  molecule  or  an  ionic  pair  [6]. 

EXPERIMENTAL 

4,4* -Tetramethyldiaminotriphenylcarbinol,  *  m.p.  120—122“  (from  toluene). 

For  measurement  of  the  optical  density,  solutions  of  4,4'-tetramethyldiaminotriphenylcarbinol  were  mixed 
with  a  certain  quantity  of  buffer  mixture  such  that.,in  the  final  solution.the  concentration  of  dioxane  was  2.9^. 

The  solution  was  thermostatted  in  a  flask  whose  walls  were  coated  with  synthetic  paraffin  wax  After  equilibrium 
had  been  established  (8  hr  at  25“ ),  the  solution  was  transferred  to  a  cell  (thermostatted  to  within  i  0. 1*)  and  the 
spectral  characteristics  were  recorded  on  an  SF-2M  instrument.  The  initial  concentration  of  the  carbinol  was 
usually  5.23  X  10  “  *  mole  X  liter"  l. 

Measurements  of  pH  were  carried  out  potentiometrically  with  calomel  and  hydrogen  electrodes  using  a 
high-ohmic  potentiometer  of  the  PPTV-l  type.  The  null  instrument  was  a  mirror  galvanometer  with  a  sensitivity 
of  7. 7  X  10  amp  /  mm. 


SUMMARY 

1.  Dissociation  constants  of  Malachite  Green  base  were  determined  at  15,  25,and  35“.  The  values  AH  = 
10. 6  kcal  mole  and  AS  =  4. 18  esu  were  obtained. 

2.  A  theory  of  structure  of  the  activated  complex  during  dissociation  of  the  carbinol  is  advanced. 
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HYDROGENATION  OF  FURAN  COMPOUNDS  OVER  NICKEL  CATALYSTS 

N.  I.  Shuikin  and  I.  F.  Bel'skii 

Institute  of  Organic  Chemistry  of  the  Academy  of  Sciences  USSR 


The  results  of  our  preceding  investigations  [  1]  showed  that  catalysts  containing  metals  of  group  VIII  of  the 
Periodic  System  and  deposited  on  active  carbon  can  be  arranged  in  two  classes  on  the  basis  of  their  action  on  the 
furan  ring  under  the  conditions  of  vapor  phase  hydrogenation.  Platinum,  ruthenium,  rhodium,  osmium>and  iridium 
are  substantially  inactive  or  only  weakly  active  as  catalysts  for  the  hydrogenation  of  the  furan  ring.  At  temperatures 
of  about  150“  diese  catalysts  selectively  catalyze  the  hydrogenation  of  the  double  bond  in  the  side  chain  of  a- alkenyl 
furans  without  acting  on  the  furan  ring;  at  higher  temperatures  (250—300“)  they  catalyze  the  hydrogenolysis  of  the 
furan  ring  exclusively  at  the  C— O  bond  remote  from  the  side  alkyl  group  (the  1-5  C— O  bond): 


(l.> 


Under  specific  conditions  these  catalysts  can  therefore  be  described  as  furan  ring  hydrogenolysis  catalysts. 

Palladium  on  carbon  behaves  entirely  differently.  Over  a  fairly  wide  temperature  range  (140—275“)  it 
specifically  catalyzes  the  hydrogenation  of  double  bonds  in  the  furan  ring  [2].  The  yield  of  tetrahydrofurans  is 
substantially  quantitative  at  lower  temperatures  but  falls  to  about  80%  at  275“.  The  properties  of  nickel  catalysts 
are  profoundly  influenced  by  the  nature  of  the  support.  Nickel  on  zinc  oxide,  for  example,  behaves  entirely  like 
catalysts  of  the  platinum  group  in  respect  of  the  vapor  phase  hydrogenation  of  the  furan  ring  and  of  the  double  bond 
in  the  side  chain  ofa-alkenylfurans  [3].  On  the  other  hand  skeletal  nickel— aluminum  catalyst,  like  palladium  on 
carbon,  at  120  - 150“  smoothly  catalyzes  the  hydrogenation  of  the  furan  ring  [4],  while  at  higher  temperatures  it 
brings  about  (  apart  from  fission  of  the  furan  ring  at  the  1-5  C— O  bond)  "conjugated  hydrogenolysis"  which  results 
in  the  formation  from  a  molecule  ofot-alkylfuran  of  a  molecule  of  aliphatic  alcohol  or  ketone  and  a  molecule  of 
hydrocarbon  [ 5]  according  to  the  scheme: 

Rupture  of  the  1-5  and  4-5  bonds 
CH3CH2 

(il) 

and  3-4  bonds 
CH3-C-R  + 

0 

More  thorough  investigation  of  the  properties  of  nickel  catalysts  in  dependence  on  the  nature  of  the  support 
is  called  for, in  view  of  our  observations  that  only  skeletal  nickel— aluminum  catalyst  is  capable  of  bringing  about 
conjugated  hydrogenolysis  of  the  furan  ring  and  that  nickel  on  zinc  oxide  is  entirely  devoid  of  this  property.  Two 
problem.';  stand  out  in  this  connection: 

1.  Apart  from  zinc  oxide,  which  oxides,  when  used  as  supports,  endow  nickel  with  the  properties  of  catalysts 
of  the  platinum  group  ? 

2.  Does  the  ability  of  skeletal  nickel— aluminum  to  catalyze  the  conjugated  hydrogenolysis  of  the  furan  ring 
depend  on  the  presence  of  aluminum  ?  The  same  question  can  be  expressed  more  generally:  To  what  extent  are 
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the  properties  of  skeletal  nickel—metal  catalysts  governed  by  the  nature  of  the  second,  "inactive"  component? 

With  the  objective  of  answering  the  first  question,  we  investigated  in  the  present  wcwk  the  catalytic  properties 
of  nickel,  deposited  on  the  oxides  of  beryllium,  cadmium.and  barium,  in  the  hydrogenation  of  sylvan  and  Jt-propenyl- 
furan.  The  reaction  was  run  under  identical  conditions  with  all  of  the  three  catalysts;  flow  system,  normal  pressure, 
temperatures  of  175  and  300“.  Nickel  onbarium  oxide  was  found  to  be  inactive,  but  nickel  on  beryllium  oxide 
and  cadmium  oxide  exhibited  properties  similar  to  those  of  nickel  on  zinc  oxide,  although  hydrogenation  of  the 
side  chain  double  bond  and  hydrogenolysis  of  the  furan  ring  went  less  smoothly  over  the  new  catalysts.  At  175“ 
sylvan  remained  unchanged  after  passage  in  admixture  with  hydrogen  over  nickel  on  cadmium  oxide  or  beryllium 
oxide,  but  a  -propenylfuran  was  hydrogenated  toot-propylfuran  in  yields  of  about  90% 


11,.  175" 


— C1I=CH— CII3  Ni-«C0,  Nl-CdO 


— GH2CH2CH3 


Hydrogenation  of  sylvan  over  nickel  on  beryllium  oxide  or  cadmium  oxide  at  300“  led.  as  in  the  case  of 
nickel  on  zinc  oxide,  to  hydrogenolysis  of  die  furan  ring  at  the  1-5  C— O  bond  with  formation  of  methyl  propyl 
ketone. 


[Tl 

X/  ^^3  Ni-BfcO,Ni-f,dO 


CHjCHiCHj-C-CHj 

0 


IIV) 


In  presence  of  nickel  on  zinc  oxide,  hydrogenolysis  of  the  furan  ring  takes  place  without  formation  of  any 
secondary  reactions;  by  contrast,  over  nickel  on  beryllium  or  cadmium  oxide, methyl  propyl  ketone  is  formed  in 
a  yield  of  10—85%  the  residue  is  a  substance  with  a  high  boiling  point.  It  should  also  be  noted  that  nickel  on 
beryllium  oxide  or  cadmium  oxide  is  very  much  less  active  than  nickel  on  zinc  oxide. 

The  answer  to  the  second  question  was  given  by  an  investigation  of  the  properties  of  skeletal  nickel— zinc 
catalyst  prepared  by  partial  removal  of  zinc  from  a  nickel —zinc  alloy.  Comparison  of  the  properties  of  skeletal 
nickel-^zinc  and  nickel— aluminum  catalysts  in  the  hydrogenation  of  furan  compounds  shows  that  the  nature  of  the 
second  component  is  responsible  for  the  great  qualitative  difference  between  these  catalysts.  In  the  first  place, 
skeletal  nickel— zinc  catalyst  differs  from  skeletal  nickel— aluminum  catalyst  in  showing  extremely  low  activity 
in  the  hydrogenation  of  furan  ring  double  bonds.  At  150"  sylvan  slowly  reacts  with  hydrogen  over  skeletal  nickel— 
zinc  catalyst  to  form  tetrahydrosylvan  (10—15%),  2-pentanol  (70%)  and  2-pentanone  (15—20%).  At  300“  sylvan 
is  substantially  quantitatively  converted  into  methyl  propyl  ketone.  Consequently,  even  at  low  temperaturetskeletal 
nickel— zinc  catalyst  predominantly  catalyzes  the  hydrogenolysis  of  the  furan  ring  and  in  its  properties  it  therefore 
more  closely  resembles  nickel  on  zinc  oxide  than  skeletal  nickel— aluminum. 


Still  more  striking  is  the  difference  between  skeletal  nickel— aluminum  and  nickel— zinc:  the  former  promotes 
conjugated  hydrogenolysis  of  the  furan  ring  (reaction  II)  and  this  property  is  entirely  lacking  from  the  latter;  in 
this  respect  the  latter  behaves  qualitatively  and  quantitatively  exactly  like  nickel  on  zinc  oxide  in  causing  fission 
of  the  furan  ring  exclusively  at  the  1-5  C— O  bond  (reaction  I).  The  great  similarity  of  skeletal  nickel— zinc  and 
nickel  on  zinc  oxide  is  equally  manifested  in  the  hydrogenation  of  a -propenylfuran,  this  reaction  (at  150—160“) 
leading  to  oc-propylfuran  (90%)  and  4-heptanone  (10%);  similarly  at  300“  ethylfurylcarbinol  is  reduced  to  ot-propyl- 
furan,  but  the  latter  undergoes  hydrogenolysis  to  4-heptanone. 


0- 


CHCH,CH 
I 

OH 


hj.SOO” 

Ni-Za 


CH^CHjCMj  CHjCH^CH^  C  CHjCH^CH, 


To  a  certain  degree  the  above  results  indicate  that  the  active  centers  of  skeletal  nickel— zinc  catalyst  and 
nickel  on  zinc  oxide  are  identical  in  character  and  contain  only  atoms  of  nickel  and  zinc. 


EXPERIMENTAL 

Starting  substances.  Pure  sylvan,  isolated  from  the  commercial  product  by  distillation  in  a  column  over 
sodium,  had  b.p,  63—64“  (750  mm),  dj®  0.9120,  n^  1.4321.  Ethylfurylcarbinol  and  a -propenylfuran  were  synthe¬ 
sized  by  the  reactions; 
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(I) 


I 

OH 


ZrO, 


SSO-WO'* 


-CH=CH-Cir, 


The  ethylfurylcarbinol  was  distilled:  b.p.  73 — 75*  (8  mm),  dj®  1.0492,  1.4786.  a-Propenylfuran,  isolated 

from  the  products  of  dehydration  by  fractional  distillation  in  a  column,  had  b.p.  132—133*  (752  mm),  d^,®  0.9457, 
n“  1.5098. 


Catalysts.  Nickel  on  beryllium  oxide  and  on  barium  oxide  was  prepared  by  impregnation  of  the  oxide  powders 
with  the  calculated  quantity  of  concentrated  nickel  nitrate  solution.  After  drying  in  an  electrically  heated  cupboard 
at  120—130*,  the  nickel  nitrate -impregnated  oxides  were  shaped  into  cylinders  and  place  in  a  reaction  tube  of 
quartz.  The  nickel  nitrate  was  decomposed  at  300  —400*  in  the  course  of  10—15  hr  In  a  continuous  air  stream.  The 
catalysts  were  thereupon  reduced  with  hydrogen  for  10  hr  while  the  temperature  was  steadily  raised  from  200  to  350* 

Nickel  on  cadmium  oxide  was  prepared  by  precipitation  of  nickel  and  cadmium  hydroxides  with  potassium 
hydroxide  from  their  dissolved  nitrates.  The  precipitate  was  washed  with  water  until  nitrate  ions  had  disappeared 
(test  with  diphenylamine),  filtered,  dried  at  120—130*,  shaped  into  small  cylinders,  and  transferred  to  the  reaction 
tube.  Reduction  with  hydrogen  was  performed  as  in  the  preceding  cases. 


All  of  the  catalysts  contained  about  30*70  nickel. 

Skeletal  nickel— zinc  catalyst  was  prepared  by  treatment  of  granules  of  nickel— zinc  alloy  (30*^0  nickel)  with 
concentrated  sodium  hydroxide  solution  with  strong  heating.  Zinc  removal  from  the  alloy  by  leaching  was  very 
mach  more  difficult  than  removal  of  aluminum  from  nickel— aluminum  alloy,  and  it  necessitated  longer  and  more 
vigorous  heating.  After  the  caustic  alkali  treatment,  the  catalyst  was  washed  free  of  alkali  with  water  (test  with 
p^enolphthalein)  and  was  charged  in  the  moist  condition  into  the  reaction  tube.  We  made  use  of  catalysts  from 
which  about  20— 25%  of  the  zinc  content  had  been  removed  from  nickel— zinc  alloy. 


Experimental  conditions.  Sylvan,  ot-propenylfuran  and  ethylfurylcarbinol  were  hydrogenated  in  a  flow  system 
at  normal  hydrogen  pressure.  The  reactor  was  a  quartz  tube  into  which  the  substance  was  charged  from  an  automatic 
buret  at  a  space  velocity  of  0.1  hr"*.  50  ml  catalyst  was  put  into  the  tube.  The  amounts  of  sylvan, «  -propenylfur an 
and  ethylfurylcarbinol  in  each  experiment  were  50r25,and  65  g  respectively.  The  catalyzates  were  dried  with 
calcium  chloride  and  fractionally  distilled  in  a  40 -plate  column.  The  table  ^ows  the  properties  of  the  products  of 
hydrogenation  and  hydrogenolysis  of  sylvan,  cx  -propenylfuran  and  ethylfurylcarbinol. 


Products  of 
hydrogenation 

b.  p.  (pressure  1 
in  mm) 

j2(t 

‘*4 

«20 

"d 

M.  p.  of 
semlcarbazone 

2-Pentanone  .... 

101—102  (748) 

0.8081 

1.3012 

110 

ot-n-Propylfutan 

114—115(745) 

0.8876 

1.439.5 

4-Heptanone  .... 

142.5—143(750) 

0.8176 

1.4085 

132 

SUMMARY 

1.  Nickel  deposited  on  beryllium  oxide  or  cadmium  oxide  resembles  nickel  on  zinc  oxide  in  being  incapable 
of  catalyzing  the  vapor  phase  hydrogenation,at  normal  pressure,of  die  furan  ring 

Over  these  catalysts  at  175*  only  hydrogenation  of  the  double  bond  of  the  side  chain  takes  place,  while  at 
300*  the  ring  suffers  hydrogenolysis  at  the  C— O  bond  remote  from  the  side  alkyl  group. 

2.  It  was  found  that  the  properties  of  skeletal  nickel  catalysts  are  strongly  dependent  on  the  nature  of  the 
second  component.  Skeletal  nickel— zinc  catalyst  differs  from  skeletal  nickel— aluminum  catalyst  in  having 
extremely  low  activity  in  the  hydrogenation  of  double  bonds  of  the  furan  ring  in  the  vapor  phase  at  normal  pressure. 
Like  nickel  on  zinc  oxide,  skeletal  nickel— zinc  catalyst  does  not  catalyze  conjugated  hydrogenolysis  and  it  cleaves 
the  furan  ring  exclusively  at  the  1-5  C— O  bond. 
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SYNTHESIS  AND  SOME  REACTIONS  OF  SULFIDES  OF  THE  THIOPHENE  SERIES 

II.  THE  RELATIVE  MOBIUTY  OF  THE  HYDROGEN  ATOMS  OF  SOME  ALKYLTHIENYL  SULFIDES 
UNDER  CONDITIONS  OF  METALATION  WITH  n-BUTYLLITHIUM 

Ya.  L.  Gol'dfarb,  M.  A.  Kalik.and  M.  L.  Kirmalova 
Institute  of  Organic  Chemistry  of  the  Academy  of  Sciences  USSR 


Metalation  of  thiophene  and  its  substituted  derivatives  is  a  convenient  method  of  preparation  of  intermediates 
for  the  synthesis  of  diverse  derivatives  containing  the  thiophene  nucleus  (compare,  for  example,  [1]).  Very  little 
published  information  has  appeared  about  the  influence  of  the  nature  of  the  substituents  in  the  ring  on  the  course 
of  the  reaction.  A  theory  has  been  advanced  which  involves  primary  coordination  of  the  metalating  agent  [2]  (at 
the  expense  of  the  unbared  electron  pair  of  the  heteroatom).  Consideration  has  also  been  given  to  the  factor 
determining  the  site  of  subsequent  attack  and  therefore  limiting  or  excluding  the  influence  of  substituents  [  3]. 

These  speculations  have  proved  far  from  adequate  for  explaiaing  a  number  of  features  observed  during  metalation. 
For  example,  whereas  anisole  is  metalated  by  n-butyllithium  in  the  ortho  position  to  the  mcthoxyl,  methylphenyl 
sulfide  [4,5]  and  phenylbenzyl  sulfide  [6]  give  exclusively  products  substituted  in  the  side  chain.  Again,  when 
n-butyllithium  acts  on  ethyl -2 -thienyl  sulfide  [7]  the  ring  hydrogen  is  substituted,  as  shown  by  one  of  us,  G.  I. 
Gorushkina  and  B.  P.  Fedorov  [7],  although  it  is  difficult  on  the  basis  of  existing  knowledge  to  attribute  to  the 
thiophene  sulfur  a  "stronger"  coordinating  effect  than  sulfide  sulfur,  the  participation  of  which  in  the  process  might 
lead  to  a  product  metalated  in  the  side  chain.  Another  possibility,  however,  is  that  a  secondary  product  is  formed 
at  the  start  and  subsequently  metalates  another  molecule  of  sulfide  in  the  ring. 

In  the  light  of  the  foregoing  facts  and  the  data  of  Sice  [8],  who  showed  that  2-methoxythiophene  is  metalated 
in  the  a  position,  interest  is  attached  to  a  study  of  the  action  of  butyllithium  on  methyl -2 -thienyl  sulfide  (II)  and 
methyl  (5-methyl-2-diienyl)  sulfide  (III). 


IgicHaSCaHr, 

iU 

HacQLcHa 

(I) 

(il) 

(III) 

In  these  cases  the  thiophene  sulfur  and  the  side  chain  sulfur  differ  less  in  potential  ability  to  add  on  a  molecule 
of  n-butyllithium  than  do  the  sulfur  atoms  in  ethyl-2-thienyl  sulfide,  since  the  former  resemble  one  another  in  the 
character  of  dieir  behavior  towards  the  ir -electron  system  of  the  nucleus  [for  example  (IV)  and  (V)],  whereas  the 
latter  are  markedly  different  from  one  another. 

The  results  of  our  experiments  on  the  metalation  of  sulfides  of  types  (II) 
and  (III)  can  be  summed  up  as  follows.  Methyl -2 -thienyl  sulfide  (II)  easily  reacts 
CjR  with  n-butyllithium  to  give  the  lithium  derivative  (Vi)  in  good  yield;  the  latter 
has  the  metal  in  the  thiophene  ring.  Methylphenyl  sulfide  behaves  differently  in 
this  reaction.  The  structure  (VI)  was  verified  by  its  transformation  into  5 -methyl - 
mercapto-2-thiophenecarboxylic  acid  (VII),  which  had  previously  been  obtained 
by  oxidation  of  3-methylmercapto-thiophenealdehyde  (VIH)  [9]. 


(IV)  (V) 
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In  similar  fashion  2-thienyl  sulfide  gave  5-ethylmercapto-2-thiophenecarboxylic  acid  in  76*70  yield. 

Reaction  of  (VI)  with  sulfur  and  methyl  iodide  leads  to  2,5-bis-(methylmercapto)  thiophene  (IX).  which  we 
described  in  the  preceding  paper  [10].  The  facility  with  which  methyl -2 -thienyl  sulfide  is  metalated  is  undoubted¬ 
ly  bound  up  with  the  activating  influence  of  the  alkylmercapto  group.  This  explanation  is  supported  by  an  experi¬ 
ment  on  the  metalation  of  an  equimolar  mixture  of  thiophene  and  methyl -2 -thienyl  sulfide  with  a  deficiency  of 
n-butyllithium.  Carboxylation  of  the  reaction  product  gave  acid  (VII)  in  70%  yield;  the  2-thiophenecarboxylic 
acid  could  not  be  detected.  Since  nucleophilic  properties  are  attributed  to  lithiumalkyls  in  view  of  their  mctalating 
ability  [2],  such  an  influence  of  the  SR  group  is  difficult  to  explain.  We  must  evidently  accept  Gilman's  view  that 
this  interpretation  of  the  metalation  provess  is  not  the  only  possible  one. 

Metalation  of  methyl  (5-methyl-2-thienyl)  sulfide  (III)  and  of  ethyl  (5 -ethyl -2 -thienyl)  sulfide  with  n-butyl¬ 
lithium  goes  mich  more  sluggishly.  In  the  case  of  (III),  marked  darkening  of  the  reaction  mass  is  observed  within 
a  short  time  after  mixing  of  the  reactants;  suitable  working-up  led  to  isolation  of  acid  (X)  in  a  yield  of  only  about 
3%;  about  85%  of  the  original  sulfide  was  recovered.  The  yield  of  acid  can  be  raised  to  27%  by  short -period  heat¬ 
ing  of  the  mixture,  but  this  procedure  leads  to  loss  of  sulfide. 


S  ^ 
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SGII;, 
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COCIIa 


HaCl^g^SCIIa 


(XI) 


On  the  basis  of  these  experiments  we  can  say  that  the  B  hydrogen  atoms  of  the  thiophene  ring  are  replaced 
by  metal  with  very  much  greater  difficulty  than  the  ct  atoms  are  replaced.  Moreover,  attempts  in  our  laboratory 
to  metalate  2,5-dimethylthiophene  were  unsuccessful.  It  therefore  becomes  obvious  that  the  formation  of  acid  (X) 
can  also  be  associated  with  an  inductive  effect  of  the  alkylmercapto  group.  The  structure  of  this  acid  was  confirmed 
by  its  synthesis  from  2-methylmercapto-5-mcthyl-3-acetothienone  (XI)  [10].  Its  isomer  (XII),  which  might  have 
been  formed  by  metalation  of  (III),  was  synthesized  by  us  by  condensation  of  lithium  5-methyl-2-thienylmercaptide 
(XIII)  with  ethyl  bromoacetate  followed  by  hydrolysis  of  ester  (XIV),  but  acid  (XII)  is  easily  distinguished  from  acid 
(X)  by  its  melting  point. 
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Il3G'!^g;SLi 

(xrii) 
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Due  to  the  small  amount  of  experimental  material,  it  is  not  yet  possible  to  generalize  the  conclusions  relating 
to  the  direction  of  the  metalation  reactions  of  sulfides  of  the  thiophene  series  with  alkyllithiums  and  to  give  them 
a  theoretical  basis.  We  can  nevertheless  now  assert  that  the  a  hydrogen  atoms  of  the  thiophene  ring  have  a  greater 
susceptibility  to  substitution  than  the  B  atoms  and  also  than  the  hydrogen  atoms  of  die  side  chain  in  sulfides  of 
structure  (I)  or  (II).  It  is  interesting  to  note  that  in  sulfide  (III)  the  B  -hydrogen  atoms  can  be  replaced  by  metal; 
in  methylphenyl  sulfide  this  property  is  manifested  only  by  the  hydrogen  atoms  of  the  methylmercapto  group.  We 
hope  to  reconsider  these  problems  after  we  have  accumulated  more  experimental  data. 


EXPERIMENTAL 

5-Methylmercapto -2-thiophenecarboxylic  acid.  17  ml  (0.03  mole)  of  ethereal  solution  of  n-butyllithium  was 
added  to  3.9  g  (0.03  mole)  of  methyl -2 -thienyl  sulfide  in  20  ml  ether  at  0".  After  being  stirred  for  15  min,  the 
solution  was  poured  into  a  mixture  of  dry  ice  and  ether.  When  the  carbon  dioxide  had  evaporated ,  20  ml  water  was 
added  to  the  mixture  with  cooling.  The  aqueous  layer  was  separated  and  heated  for  removal  of  ether.  Acidifica¬ 
tion  yielded  4.5  g  (86.5%)  of  acid  with  m.p.  104".  M.p.  106“  after  recrystallization  from  50% alcohol  and  heptane. 

Found  %:  0  41.30,41.50;  H  3.51,  3.55;  5  36.32,36.43.  Calculated  %:  0  41.35;  H  3.45; 

S  36.81. 
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5-Methylmercapto-2-thiophenecarboxylic  acid  was  oxidized  with  30 hydrogen  peroxide  to  5-methylsulfonyl- 
2-thienylcarboxylic  acid,  which  melted  at  198. 5~201*  after  recrystallization  from  v'ater.  • 

Found  %:  0  34.64,34.49;  H  2.95,  2.87;  5  31.23,31.13.  Calculated  0  34.92;  H  2.94; 

S  31. 10. 

According  to  the  literature  [9],  5-methylmercapto-2-thiophenecarboxylic  acid  has  m.p.  106°,  and  5-methyl- 
sulfonyl-2-thienylcarboxylic  acid  has  m.p.  201—202°. 

5~Ethylmercapto-2-thiophenecarboxylic  acid.  4  g  (0.028  mole)  of  ethyl -2 -thienyl  sulfide,  reacted  as  above, 
gave  4g  (76.6%)  of  5-ethylmercapto-2-thiophenecarboxylic  acid  with  m.p.  63*.  After  recrystallization  from 
50%  alcohol  and  from  heptane  the  acid  melted  at  66.5-67*. 

Found  %;  0  44.70,  44.75;  H  4.41,  4.37;  S  33.76,  33.87.  CtHsOjSj.  Calculated  %:  0  44.65;  H  4.28!S  34.06. 

2,5-Bis(methylmercapto)thiophene.  To  an  ethereal  solution  of  methyl  (5 -lithium -2-thLienyl)  sulfide,  obtained 
from  13.0  g  (0.1  mole)  of  methyl -2 -thienyl  sulfide  as  described  above,  was  gradually  added  (with  strong  cooling) 

3.2  g  (0.1  mole)  of  dry,  finely  pulverized  sulfur.  The  mixture  was  boiled  45  min;  15.6  g  (0.11  mole)  of  methyl 
iodide  was  then  added  with  cooling,  and  boiling  was  continued  another  6  hr.  The  mass  was  then  treated  (with  cool¬ 
ing)  with  25%ammoniimi  chloride  solution.  The  ether  layer  was  separated,  washed  with  0.5  N  potassium  hydroxide 
solution  and  with  water  and  dried  with  magnesium  .'sulfate.  The  ether  was  distilled  off  and  the  residue  distilled  in 
vacuo  to  give  10  g  (57%)  of  2,5-bis(methylmercapto)thiophene  with  b.p  123—124°  (9  mm),  n^®  1.6365,  After 
redistillation  over  metallic  sodium  the  product  had  b.p.  133°  (12  mm),  np  1.6375. 

Metalation  of  a  mixture  of  thiophene  and  methyl -2 -thienyl  sulfide.  A  mixture  of  3. 2  g  (0.025  mole)  of  methyl- 

2- thienyl  sulfide  and  2.1  g  (0,025  mole)  of  thiophene  was  metalated  at  -5°  with  0  025  mole  n-butyllithium  as 
described  above.  The  aqueous  layer  was  treated  with  active  carbon  and  acidified  with  dilute  hydrochloric  acid. 

3.0  g  of  acid  was  obtained. 

M.p.  82—89°.  Neutralization  equiv.  170. 1;  calculated  174.2. 

Found  %:  0  40.70,  40.60;  H  3.48,  3.49.  CgHPjSz  Calculated  %:  C  41.35;  H  3.45. 

After  reprecipitation  from  active  carbon -treated  sodium  carbonate  solution,  the  acid  melted  at  104—104.5° 
(weight  2.7  g).  No  depression  of  melting  point  in  admixture  with  5-methylmercapto-2-thiophenecarboxylic  acid. 

Neutralization  equiv.  174.5;  calc,  for  C^ ^2^2  174.2;  for  CsH^j^  128.1. 

Found  %:  C  41.60,  41.53;  H  3.46;  3.63;  5  36.68.  Calculated  %:  C  41.35;  H  3.45;  5  36.81. 

C5HP25.  Calculated  %;  C  46.86;  H  3.15;  5  25.02. 

2-Methylmercapto-5methyl-3-thiophenecarboxylic  acid.  3,8  g (0.027  mole)of  methyl  (5-methyl-2-thienyl- 
sulfide  in  20  ml  dry  ether  and  12  ml  (0.027  mole)  of  ethereal  solution  of  n-butyllithium  were  stirred  at  the  boil  for 
30  min.  The  very  darkened  solution  was  poured  into  a  mixture  of  dry  ice  and  ether;  after  the  usual  working-up,  a 
dark  oil  separated  from  the  aqueous  layer;  the  oil  was  dissolved  in  benzene  and  treated  hot  with  active  carbon. 

From  the  benzene  solution  separated  1.35  g  (27%)  of  acid  which  melted  at  193.5°  after  recrystallization  from  50% 
alcohol  and  from  benzene. 

Found  %:  C  44.44;  44.45;  H  4.28,  4.17;  5  34.17,  34.51.  C7H8O282.  Calculated  %:  C  44.65;  H  4.28;  5  34.06. 

From  the  ethereal  solution  was  separated  1. 0  g  (26. 3%)  of  the  original  sulfide.  Resinification  occurred  on 
boiling;  therefore  in  another  experiment  the  reactants  were  mixed  at  5’  and  the  mixture  was  stirred  30  min  at 
room  temperature;  the  solution  then  began  to  darken;  it  was  poured  into  a  mixture  of  dry  ice  and  ether.  Working 
up  in  the  usual  manner  led  to  separation  from  the  aqueous  layer  of  0,15  g  (2.7%)  of  2-metliylmercapto-5-methyl- 

3- thiophenecarboxylic  acid  with  m.p.  193°;  the  ether  layer  yielded  85%  of  the  original  sulfide.  The  acid  yield 
was  not  increased  when  the  reaction  was  run  in  tetrahydrofuran. 

To  3  g (0.016  mole)  of  2-methylmercapto-5-methyl-3-acetothienone  and  15  ml  of  dry  pyridine  was  added 
4.1  g  (0.016  mole)  of  iodine;  after  45  min  heating  on  a  water  bath,  the  solution  was  stood  overnight.  The  pyridine 
was  taken  off  in  vacuo,  and  the  residue  was  boiled  1  hr  with  3  g  sodium  hydroxide  in  150  ml  of  50%  alcohol.  The 


•Data  supplied  by  I.  F,  5halavina. 
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cooled  solution  was  diluted  with  an  equal  volume  of  water,  extracted  with  ether  and  acidified  with  concentrated 
hydrochloric  acid.  The  precipitated  acid  was  filtered,  washed  with  water.and  dried;  yield  1.9  g  (62.5*^)  with 
m.p.  188—189’  (with  decomp,).  Tlie  acid  melted  at  193.5—194.5°  after  recrystallization  from  ethyl  acetate  and 
benzene.  No  depression  of  melting  point  in  a  mixed  test  with  the  acid  obtained  from  methyl  (5-methyl“2-thienyl) 
sulfide  by  metalation  with  n-butyllithium  followed  by  carboxylation. 

Found  C  44.59,  44.56;  H  4.24,  4.26;  S  33.84,  3a  66.  C^HgOjSj.  Calculated  %;  C  44.66;  H  4.28;  S  34.06. 

5-Methyl -2 -thienylmercaptoacetic  acid.  At  0°  n-butyllithium  (0.041  mole)  in  the  form  of  22  ml  of  ethereal 
solution  was  added  to  4  g  (0.041  mole)  of  2-methylthiophene.  The  mixture  was  boiled  for  1  hr.  Addition  was  then 
made  (with  ice  cooling)  of  1. 3  g  (0.04  mole)  of  dry,  finely  pulverized  sulfur.  Boiling  was  then  continued  for  an 
hour,  and  then  6. 9  g  (0.041  mole)  of  ethyl  bromoacetate  was  added  with  cooling  (-5  to  0°).  The  mixture  was 
boiled  for  another  1.5  hr,  stood  overnight,  and  treated  (with  cooling)  with  40  ml  of  25%  ammonium  chloride  solution. 
The  ether  layer  was  separated,  washed  with  0.5  N  potassium  hydroxide  solution  and  then  with  water.  The  ether  was 
driven  off  and  the  residue  was  treated  with  2  N  alcoholic  potassium  hydroxide.  The  precipitated  potassium  salt 
was  filtered  and  dried;  weight  4.5  g.  The  aqueous, solution  of  this  salt  was  acidified;  an  oil  separated  and  was 
extracted  with  benzene;  the  benzene  solution  was  treated  with  carbon  and  the  benzene  was  distilled  off.  The 
residual  oil  was  dissolved  in  hot  heptane;  crystals  came  down  on  cooling.  The  acid  melted  at  28—29*  after  re¬ 
crystallization  from  heptane. 

Found  %:  C  44.71,  44.80;  H  4.22,  4.33;  5  34.10  ,  34.34.  CtHsOjSj.  Calculated®^;  C  44.66;  H  4.28, 

S  34.06. 

The  acid  also  crystallized  after  distillation  in  vacuo  and  cooling. 

2-Ethylmercapto-5-ethyl-3-thiophenecarboxylic  acid.  4. 6  g  (0.027  mole)  of  ethyl  (5-ethyl-2-thienyl) 
sulfide  was  metalated  with  n-butyllithium  and  carboxylated  as  described  above  0.42  g  (7.3%)  of  acid  was  obtained; 
m.p.  128°  after  recrystallization  from  50% alcohol  and  from  heptane.  A  mixture  with  2'ethylmercapto-5-ethyl- 
3-thiophenecarboxylic  acid  prepared  by  oxidation  of  2-ethylmercapto-5-ethyl-3-acetothienone  [10]  did  not  exhibit 
a  depression  of  melting  point. 

Found  %:  C  50.18,  50.11;  H  5.67,  5.83;  S  29.31,  29.26.  CjH^OzSa.  Calculated  %:  C  49.97;  H  5.59; 

S  29.65. 

About  48%  of  the  original  sulfide  was  recovered  from  the  ether  layer. 

SUMMARY 

1.  Reaction  of  alkyl -2 -thienyl  sulfides  with  n-butyllithium  results  in  entry  of  the  metal  exclusively  in  the 
oi  position  of  the  thiophene  ring. 

2.  5-Alkyl -2-thienyl  sulfide  is  metalated  in  low  yield  in  the  6  position. 

3.  The  alkylmercapto  group  activates  the  thiophene  nucleus  for  metalation. 
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THE  SYNTHESIS  OF  ALIPHATIC  AMINO  ACIDS  FROM  THIOPHENE  DERIVATIVE 
V.  y-AMlNO  ACIDS  FROM  4- NITRO- 2- THIOPHENE  CARBOXYLIC  ACIDS 


Ya.  L.  Gol’dfarb,  B.  P.  F  abrichnyi,  and  I.  F.  Shalavina 
Institute  of  Organic  Chemistry  of  the  Academy  of  Sciences  USSR 


In  die  first  of  our  investigations  [1]  on  the  preparation  of  aliphatic  amino  acids  by  reductive  desulfurization 
(hydrogenolysis)  of  nitrogen-containing  acids  of  the  thiophene  series,  the  behavior  of  5-nitro-2-thiophenecarboxylic 
acid  demonstrated  the  possibility  of  making  use  of  nitrothiophenecarboxylic  acids  in  this  reaction.  It  must  be  noted, 
however,  that  the  yield  of  the  expected  5 -aminovaleric  acid  was  extremely  small,  possibly  due  in  some  measure 
to  the  complex -forming  qualities  of  nickel  •, 


In  continuation  of  our  investigations,  we  resolved  to  study  the  action  of  skeletal  nickel  on  a  nitro  acid 
containing  the  nitro  group  in  the  6  position  of  the  thiophene  ring,  since  the  reactivity  of  thiophene  derivatives 
often  changes  considerably  when  the  functional  group  is  moved  from  the  a  to  the  B  position  of  the  ring.  Experiments 
on  the  hydrogenolysis  of  4-nitro-2-thiophenecarboxylic  acids  actually  revealed  that  they  differ  markedly  from  the 
above-mentioned  5-nitro-2-thiophenecarboxylic  acid  in  respect  to  their  behavior  in  presence  of  skeletal  nickel  in 
aqueous  medium.  4-Nitro-2-thiophenecarboxylic  acids  form  the  corresponding  y -amino  acids  in  satisfactory  yield; 


j{/^s/\gooh 


(I) 


RC  HgC II ( N  Il2)G  I  IzC HzCO 0 H 
n.o 


(R  =  H  or  normal  or  branched  alkyl).  It  is  known  [2]  that  hydrogenolysis  of  certain  acetylamino  acids  of  the 
thiophene  series  leads  to  products  whose  yields  are  higher  than  in  the  case  of  hydrogenolysis  of  the  corresponding 
amino  acids.  We  therefore  decided  to  conduct  the  hydrogenolysis  of  4-nitro-2-thiophenecarboxylic  acids  in 
presence  of  skeletal  nickel  in  a  mediiun  of  acetic  anhydride  in  the  hope  of  increasing  the  yield  of  aliphatic  acetyl¬ 
amino  acids.  Under  these  conditions  the  reaction  would  be  expected  to  take  the  following  course-. 


02N\^ _  CIIgCOHN. 
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II  II  (ClljCo'^  I  II 
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(HI) 

— ^  RC HzC H ( N  H COG Il3)C HzC HzCO O  H 

(IV) 

However,  only  the  corresponding  acetylamino  acids  (III)(products  of  reductive  acylation)  could  be  isolated 
from  the  mixtures  resulting  from  hydrogenol)rsis. 

Since  acetylaminothiophenecarboxylic  acids  are  easily  desulfurized  in  an  aqueous  medium  [2,  3],  the  limit 
ation  of  the  process  in  acetic  anhydride  at  the  stage  of  formation  of  (III)  may  be  attributed  to  the  deactivating 
effect  of  the  anhydride  on  skeletal  nickel  as  a  desulfurization  catalyst. 

•Complex  formation  is  probably  responsible  for  the  reaction  naass  acquiring  a  crimson  color  on  introduction  of 
skeletal  nickel. 
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In  the  course  of  the  present  work  we  attempted  to  reduce  4-nitro-5-methyl-2-thiophenecarboxylic  acid 
(I,  R  =  CH3)  with  hydrazine  hydrate  in  presence  of  skeletal  nickel  under  the  conditions  proposed  for  reduction  of 
other  nltro  compounds.  This  attempt,  however,  was  unsuccessful. 

5-Alkyl-2-thIophenecarboxylIc  acids,  required  for  the  synthesis  of  4-nItro-5-alkyl“2-thIophenecarboxyllc 
acids,  were  prepared  by  oxidation  of  the  corresponding  5-alkyl-2-acetothienones  with  sodium  hypochlorite  by  the 
method  described  for  2-acetothienone  [5].  We  prepared  5-Isobutyl-2-thiophenecarboxylic  acid  for  the  first  time. 

4-Nitro-5-alkyl-2-thIophenecarboxylic  acids  were  prepared  by  nitration  of  5-alkyl-2-thIophenecarboxylIc 
acids  with  a  mixture  of  nitric  and  sulfuric  acids  under  the  conditions  of  preparation  of  4-nitro-5-methyl-2-thiophene- 
carboxylic  acid  [6].  In  all  of  the  cases  the  nitro  acid  was  accompanied  by  a  secondary  product  in  the  form  of 
2,4-dinitro-5-alkylthiophene,which  was  separated  by  steam  distillation. 

4- NItro-2-thIophenecarboxylic  acid  (I,  R  =  H)  was  prepared  from  2-thIophenealdoxime  via  2-thiophenecarbo- 
nltrlle.  Nitration  of  the  latter  gave  a  mixture  of  isomeric  nitrothiophenecarbonitriles  from  which  4-nItro-thiophene- 
carbonitrlle  was  isolated;  on  hydrolysis  it  gave  the  corresponding  nitro  acid  [7]. 

Hydrogenolysis  of  the  nitro  acids  was  effected  with  the  help  of  skeletal  nickel  .which  was  stored  under  water; 
the  reaction  was  carried  out  in  an  aqueous  mdeium  in  presence  of  ammonia  solution  (to  improve  the  solubility  of 
the  nitro  acid).  In  some  cases  the  skeletal  nickel  could  be  reused  (with  a  small  addition  of  fresh  nickel)  without 
appreciable  change  in  the  yield  of  aliphatic  amino  acid. 

Reductive  acetylation  of  the  nitro  acids  was  effected  by  heating  in  acetic  anhydride  with  skeletal  nickel 
which  had  been  stored  under  benzene.  The  acetylamino  acids  were  purified  from  resin  by  dissolution  of  the  residue 
(remaining  after  the  nickel  had  been  separated  and  the  acetic  anhydride  had  been  distilled  off)  in  dilute  caustic 
alkali  solution  and  by  acidification  of  the  solution  with  hydrochloric  acid.  In  the  case  of  reductive  acetylation  of 
4-nitro-2”thiophenecarboxylic  acid,  the  yield  of  4-acetamino-2-thiophenecarboxylic  acid  was  extremely  minute. 

EXPERIMENTAL 

2~Isobutyrothienone  was  prepared  in  90%  yield  by  reaction  of  thiophene  with  isobutyryl  chloride  in  benzene 
at  0—5*  in  presence  of  tin  chloride. 

B.p.  108*  (15  mm),  ng  1.5412,  df  1.0851.  Literature  [8]:  b.p.  232*. 

2-Isobutylthiophene  was  prepared  in  79%  yield  by  reduction  of  2-isobutyrothienone  with  hydrazine  hydrate 
by  Kizhner's  method  as  modified  by  Huang -Minion  [9]. 

B.p.  173-176*,  ng  1.4982,  df  0.9470.  Literature  [  10]:  b.p.  174-176*. 

5- Isobutyl-2-acetothienone  was  obtained  in  80% yield  by  reaction  of  2- Isobutylthiophene  with  acetyl 
chloride  in  a  benzene  medium  in  presence  of  stannic  chloride: 

B.p.  146-148*  (21  mm),  ng  1.5349,  df  1.0317. 

Found  %:  C  66.01,  65.79;  H  7.78,  7.62;  S  17.64,  17.63.  Cj,HiPS.  Calculated  %:  C  65.89;  H  7.74;  S  17.59. 

Semlcarbazone:  m.p.  204—205*  (from  alcohol). 

Found  %:  N  17.33,  17.30.  CuHjPNjS.  Calculated  %:  N  17.56. 

5-Isobutyl-2-thiophenecarboxylic  acid.  86  g  chlorine  was  rapidly  passed  Into  a  mixture  of  660  g  ice  and  a 
solution  of  119  g  sodium  hydroxide  in  170  ml  water.  The  temperature  of  the  solution  rose  to  75*.  At  75—80*  50  g 
of  5'isobutyl  ’2-acetothienone  was  gradually  added  with  vigorous  stining.  After  completion  of  the  addition  of  ketone, 
stirring  was  continued  until  the  temperature  of  the  mixture  had  fallen  to  30*.  Addition  was  then  made  of  sodium 
sulfite  until  the  solution  gave  a  negative  reaction  to  starch— iodide  paper.  The  solution  was  extracted  with  ether 
and  filtered;  it  was  then  acidified  (with  cooling)  with  hydrochloric  acid.  The  precipitate  was  filtered,  washed  with 
water,  and  dried  in  a  vacuum  desiccator  over  phosphorus  pentoxide.  The  compound  was  boiled  with  hexane  and 
the  solution  was  filtered;  the  filtrate  was  treated  widi  active  carbon  and  evaporated  in  vacuo.  Yield  42  g  (83%) 
of  acid  with  m.p.  44—45*.  5-Isobutyl-2-thIophenecarboxylic  acid  melted  at  45— 46*after  recrystallization  from 
water. 
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The  properties  of  the  above  acetylamino  acids  and 
of  the  methyl  ester  of  (III,  R  =  H)  are  given  in  Table  2. 

4-‘Amino-5"isobutyl-2-thiophenecarboxylic  acid 
hydrochloride.  Prepared  by  boiling  2.6  g  of  the  acetylamino 
acid  with  20  ml  dilute  (1:1)  hydrochloric  acid  for  2  hr. 

Crystals  came  down  on  cooling  and  were  filtered  and  dried 
in  vacuo.  Weight  of  unpurified  hydrochloride  2.0  g;  m.p. 
207—210*  (decomp.).  After  recrystallization  from  a  mix¬ 
ture  of  isopropyl  alcohol  and  ether,  1.6  g  of  hydrochloride 
was  obtained. 

The  hydrochlorides  of  4-amino-5-methyl-2-thiophene- 
carboxylic  and  4-amino-5-ethyl-2-thiophenecarboxylic 
acids  were  similarly  prepared.  See  Table  2  for  properties. 

4-Amino-5-isobutyl-2-thiophenecarboxylic  acid  was 
prepared  by  the  action  of  the  theoretical  quantity  of  sodium 
carbonate  on  an  aqueous  solution  of  its  hydrochloride.  It 
was  purified  by  recrystallization  from  dilute  alcohol.  The 
amino  acid  is  poorly  soluble  in  hot  water  and  much  more 
soluble  in  hot  alcohol.  The  properties  of  this  amino  acid 
are  presented  In  Table  2. 

y -Amino- €-methylcaprylic  aid  (II,  R  =  iso-C4H9). 

To  a  stirred  solution  of  8.0  g  of  4-nitro-5-isobutyl -2-thiophene 
carboxylic  acid  (I,  R  =  C4H9)  (m  p.  113—116")  in  250  ml 
water  and  50  ml  concentrated  ammonia  solution,  heated  to 
45",  was  added  about  50  g  of  skeletal  nickel.  The  tempera¬ 
ture  rose  spontaneously  to  60".  After  it  had  fallen  to  45", 
the  mixture  was  heated  to  60"  and  stirred  4  hr  at  60—65". 

The  catalyst  was  filtered  off  and  washed  with  hot  water. 

The  combined  filtrates  were  evaporated  in  vacuo;  the 
residue  was  dried  in  a  vacuum  desiccator  over  phosphorus 
pentoxide.  Weight  of  unpurified  product  5. 1  g  (yield  84*?^), 
m.p.  169-173";  after  further  recrystallizations  from  water 
it  had  m.p.  173—174";  it  crystallizes  with  one  molecule  of 
water. 


Hydrogeno lysis  of  the  corresponding  nitro  acids  similarly 
gave  y  -aminocaproic  (II,  R  =  CHa),  y  -aminoenanthic  (II, 

R  =  CgHs)  and  y -aminovaleric  (II,  R=  H)  acids. 

The  hydrochlorides  of  these  amino  acids  were  prepared 
by  dissolution  of  the  acids  in  hydrochloric  acid  and  evaporation 
in  vacuo;  they  were  purified  by  recrystallization  from  a 
mixture  of  isopropyl  alcohol  and  acetone. 

The  benzoyl  derivatives  were  obtained  by  Schotten— 
Baumann  benzoylation  of  the  amino  acids.  • 

Properties  of  the  amino  acids  and  their  derivatives 
are  presented  in  Table  3. 
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The  hydrochloride  was  recrystallized  from  a  mixture  of  isopropyl  alcohol  and  acetone.  Found  °lo\  Cl  16.69,  16.51.  Calculated  %:  Cl  16.91. 


SUMMARY 


1.  A  new  single-step  method  of  preparation  of  aliphatic  y -amino  acids  was  developed  on  the  basis  of 
hydrogenolysis  of  4-nitro-2-thiophenecarboxylic  acids  in  presence  of  skeletal  nickel.  Starting  from  4-nitro-2- 
thlophenecarboxylic,  4-nitro-5-methyl-2-thiophenecarboxylic,  4-nitro-5-ethyl-2-thlophenecarboxylic  and  4- 
nltro-5-isobutyl-2-thiophenecarboxylic  acids,  the  method  gave  respectively  y -amino-n-valeric,  y-amino-n- 
caproic,  y -amino-n-enanthic  and  y -amino-  4 -methylcaprylic  acids. 

2.  Treatment  of  4-nitro-2-thiophenecarboxylic,  4-nitro-5-methyl-2-thiophenecarboxylic,  4-nitro-5-ethyl- 
2-thiophenecarboxylic  and  4-nitro-5-isobutyl-2-thiophenecarboxylic  acids  with  excess  of  skeletal  nickel  in  acetic 
anhydride  did  not  lead  to  the  expected  aliphatic  acetylamino  acids;  the  sole  identifiable  products  were  products 
of  reductive  acylation  of  nitrothiophenecarboxylic  acids,  namely  4-acetylamlno-2-thlophenecarboxylic,  4-acetyl- 
amino-5-methyl-2-thiophenecarboxylic,  4-acetylamino-5-etfiyl-2-thlophenecarboxylic  and  4-acetylamino-5- 
isobutyl-2-thiophenecarboxylic  acids.  Its  was  consequently  established  that  acetic  anhydride  deactivates  skeletal 
nickel  as  a  desulfurizing  catalyst  for  4-nitro-2-thiophenecarboxylIc  acids. 
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THE  CHEMISTRY  OF  SELENEPHONE 

XXL  5-NITRO-2-CYANOSELENOPHENE  AND  5-NITRO-2- ACETOSELENOPHENE 

Yu.  K.  Yur’ev  and  E.  L.  Zaitseva 
Moscow  State  University 


In  the  preceding  papers  [I— 3]  we  described  the  preparation  of  5 -nitroselenophene -2 -aldehyde  and  a  series 
of  its  condensation  reactions  with  compounds  containing  active  methylene  groups. 

In  the  present  work  we  investigated  the  possibility  of  preparation  of  the  simplest  ketone  of  the  2 -nitroseleno¬ 
phene  series  and  on  the  basis  of  5-nitroselenophene- 2 -aldehyde  we  synthesized  5-nitro-2-acetoselenophene.  For 
this  purpose  we  utilized  the  procedure  described  by  Walker  and  Hauser  [4]  in  1946  for  the  preparation  of  p-nitro- 
acetophenone  (yield  61*70)  by  reaction  of  p-nitrobenzoyl  chloride  with  the  ethoxymagnesium  derivative  of  malonic 
ester. 


By  this  method  Funahashi  and  Nishida  [5]  and  Yabuta  and  Nisida  [6]  prepared  5-nitro-2-acetylfuran  (yield 
hOPjo)  from  5-nitrofuran-2-carboxylic  acid  chloride  and  ethoxymagnesium  malonic  ester.  In  the  thiophene  series 
the  method  has  been  used  for  the  preparation  of  3,5-dinitro-2-acetylthiophene  (77. 6*70)  [ 7]. 


For  the  preparation  of  5-nitro-2-acetoselenophene  we  converted  5-nitroselenophene -2 -carboxylic  acid  [1] 
into  its  acid  chloride  (by  treatment  with  thionyl  chloride )t which  was  reacted  with  ethoxymagnesium  malonic  ester 
to  give  5-nitroselenenoyl-2-malonic  ester.  Hydrolysis  of  the  latterjollowed  by  decarboxylation  of  the  resulting 
5-nitroselenenoyl-2-malonic  acldtgave  5-nitro-2-acetoselenophene  (yield  59*7o  reckoned  on  die  acid  and  74.5*7> 
reckoned  on  the  acid  chloride). 
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Concerning  5-nitroselenophene -2-carboxylic  acid,  we  prepared  it  not  only  by  oxidation  of  5 -nitroselenophene - 
2-aldehyde,  but  also  by  hydrolysis  of  5-nitro-2-cyanoselenophene  which  is  formed  by  dehydration  of  the  oxime  of 
this  aldehyde. 


EXPERIMENTAL 

Oxime  of  5 -nitroselenophene -2 -aldehyde.  A  mixture  of  3.06  g  5 -nitroselenophene -2 -aldehyde,  1.22  g 
hydroxylamine  hydrochloride,  5.8  g  dry  pyridinetand  6  ml  anhydrous  alcohol  was  heated  2  hr  at  110—115*.  After 
the  solvents  had  been  taken  off  in  vacuo,  the  residue  was  triturated  with  12  ml  water  and  the  precipitate  was 
separated.  Yield  2.26  g  (69*7o)  of  yellow  crystals;  m.p.  152—153*  (decomp,,  from  methyl  alcohol). 

Found  *7o:  0  27.40,27.26;  H  1.75,  1.89;  Se  35.80,  35.73.  CgHPjNjSe.  Calculated  *7o :  C  27.41;  H  L84; 
Se  36.04. 
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as  described  above,  was  dissolved  in  5  ml  dry  acetone,  and  4  ml  of  20*70  ammonia  solution  was  added  dropwise  with 
stirring  and  cooling.  Yield  0.63  g  (75*7o)  of  yellow  needles,  m.p.  198.  S— 199*  (from  water). 

Found  <70;  C  27.15,  27.24;  H  2.00,  2.17;  Se  35.85,  35.90.  CsHPjNjSe.  Calculated  *7o;  C  27.42;  H  1.84; 

Se  36.05. 

5-N itro -2 -acetoselenophene.  0.32  g  (0.013  g-atom)  magnesium  turnings,  0.6  ml  anhydrous  alcohol  and  0.1 
ml  dry  carbon  tetrachloride  were  placed  in  a  three -neiked  flask  equipped  with  stirrer,  dropping  funnehand  calcium 
chloride  tube-topped  reflux  condenser.  Heating  of  the  flask  for  several  minutes  at  70—80*  led  to  the  start  of  reaction 
between  magnesium  and  alcohol.  8  ml  of  absolute  ether  was  then  added  in  a  single  portion  and  (dropwise)  a  mix¬ 
ture  of  2.14  g  (0.013  mole)  diethyl  malonate  and  0.6  ml  anhydrous  ethyl  alcohol;  stirring  was  then  continued  for 
3  hr  at  40—50*  until  the  whole  of  the  magnesium  had  dissolved. 

At  35*  an  ethereal  solution  of  impure  5-nitroselenophene-2-carboxylic  acid  chloride  [obtained  from  2.2  g 
(0.01  mole)  acid  and  8.2  g  thionyl  chloride  by  the  above  procedure  and  dissolved  in  12  ml  absolute  ether]  was 
added  dropwise  to  the  ethoxymagnesium  malonic  ester.  The  mixture  was  stirred  at  the  same  temperature  for 
another  hour,  cooled,  acidified  with  dilute  sulfuric  acid  (0.8  ml  cone,  acid  in  5.5  ml  water), and  extracted  with 
ether.  The  ether  was  driven  off  and  the  residue  was  heated  for  7  hr  with  a  mixture  of  3.6  ml  glacial  acetic  acid, 

0.45  ml  concentrated  sulfuric  acid  and  2.4  ml  water;  the  mass  was  cooled  and  poured  onto  ice  and  the  precipitate 
was  filtered.  The  latter  was  treated  with  a  solution  of  0.7  g  sodium  bicarbonate  in  14  ml  water  with  heating. 

After  cooling,  the  product  was  filtered  and  washed  with  glacial  acetic  acid.  Yield  1.29  g  (59*70  reckoned  on  the 
5-nitroselenophene-2-carboxylic  acid  and  74.5*7®  on  the  acid  chloride)  of  yellow  needles,  m.p.  120.5—121*  (from 
ligroine). 

Found  *7o:  C  33.40,  33.44;  H  2.59,  2.49;  Se  36.01,  35.97.  CgHgOgNSe.  Calculated  *7o:  C  33.06;  H  2.31; 

Se  36.21. 

5"Nitro-2-acetoselenophene  semicarbazone.  0.55  g  of  the  nitroketone  war  dissolved  by  heating  in  8  ml  al¬ 
cohol  and  mixed  with  a  solution  of  0.44  g  of  semicarbazide  hydrochloride  and  0.55  g  sodium  acetate  in  6  ml  water. 
The  mixture  was  boiled  15  min  and  cooled.  Yield  0.65  g  (94.5*7o)  of  yellow  crystals  with  m.p.  258—259*  (decomp., 
from  alcohol). 

Found  *7o:  C  30.42,  30.36;  H  3.06,  3.03;  Se  28.42,  28.48.  C^,05N4Se.  Calculated  *7o:  C  30.56;  H  2.93; 

Se  28.69. 

SUMMARY 

1.  Dehydration  of  5 -nitroselenophene -2-aldehyde  oxime  leads  to  5-nitro-2-cyanoselenophene,  hydrolysis  of 
which  gives  5“nitroselenophene-2-carboxylic  acid.  The  acid  chloride  and  amide  of  diis  acid  were  also  prepared. 
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2.  Reaction  of  5-nitroselenophene-2-carboxylIc  acid  chloride  with  ethoxymignesium  tnalonic  ester  gives 
5-nItro-2-acetoselenophene. 
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THE  CHEMISTRY  OF  SELENOPHENE 


XXII.  AMINOMETHYLATION  AND  ACYLAMINOMETHYLATION  OF 
SELENOPHENE  AND  ITS  HOMOLOGS 

Yu.  K.  Yur'ev,  N.  K.  Sadovaya,  and  A.  B.  Ibragimova 
Moscow  State  University 

In  one  of  the  preceding  papers  [1]  we  reported  the  aminomethylation  of  ketones  of  the  selenophene  series 
and  the  preparation  by  this  route  of  hydrochlorides  of  6  -dimethylaminoalkyl-(alkylselenenyl”2)-ketones.  In  the 
present  work  we  applied  the  aminomethylation  reaction  to  selenophene  itself  and  its  homologs. 

In  the  thiophene  series  this  reaction,  which  makes  use  of  the  mobility  of  the  hydrogen  atoms  at  the  a  carbon 
atoms  of  the  ring,  takes  place  on  treatment  with  ammonium  chloride  and  BOPjo  formalin  [2,  3];  formalin  can  be 
replaced  by  hexamethylenetetramine  or  paraformaldehyde  [3,  4].  The  reaction  with  thiophene  proceeds  with 
intermediate  formation  of  N-(2-thenyl)-formaldImine  and  leads  to  2-thenylamine,  di(2-thenylamine)  and  a  large 
quantity  of  resinous  substances  which  are  probably  polymers  [5].  Hydrochlorides  of  alkylamines  (methylamine  and 
dimethylamine)  could  not  be  reacted:  aminomethylation  did  not  take  place  with  them  [6]  and  thienylmethanes 
were  formed  instead  of  thenylamines.  For  example,  2-methylthiophene,  formaldehyde, and  dimethylamine  hydro¬ 
chloride  gave  di-(5-mcthyl-2-thienyl)-methane  (45°/o)[4].  Regarding  acylaminomethylation  reactions,  shortly 
after  the  preparation  by  Sachs  [7]  of  the  first  of  the  methylolacylamides  (methylolphthallmide)  Einhorn  [8]  effected 
their  condensation  with  some  aromatic  compounds  in  presence  of  sulfuric  acid;  the  condensing  agent  used  by  Neni- 
tescu  and  Dinulescu  [9]  in  this  reaction  was  a  mixture  of  concentrated  sulfuric  acid  and  glacial  acetic  acid.  Acyl¬ 
aminomethylation  of  thiophene  was  performed  by  Hartough  [10]  in  presence  of  SS^o  phosphoric  acid. 

In  the  present  work  we  studied  the  dialkylaminomethylatlon  of  selenophene  by  the  action  of  dimethylamine 
hydrochloride  and  paraformaldehyde  in  a  medium  of  anhydrous  alcohol,  i.e.  under  the  conditions  employed  for 
the  aminomethylation  of  ketones  of  the  selenophene  series  [1].  We  were  able  to  show  that  in  this  method  of  amino¬ 
methylation  of  selenophene  and  its  homologs  die  reaction  does  not  go  in  the  direction  of  formation  of  selenenyl- 
methanes  (as  was  to  be  feared  by  analogy  with  the  behavior  of  thiophene)  but  in  the  direction  of  formation  of  the 
corresponding-  hydrochlorides  of  6  -dimethylaminomethylalkylselenophenes  in  yields  of  up  to  60^o  (  in  the  case  of 
selenophene  itself  the  yield  was  only  BOPjo . 


+  (CH20),  -f  (Ch3)2NH  .  IICl 


^  H  H  CH2N(CIl3)2  •  HCI. 

Se  Sc 

In  this  manner  we  prepared  the  hydrochlorides  of  2-(dimethylaminomethyl)  selenophene,  3-mfithyl-2-(di- 
methylaminomethyl)  selenophene,  2,4-dimethyl-5-(dimetliylaminomethyl)  selenophene,  and  3,4-dimethyl-2-(di- 
metbylaminomethyl)  selenophene.  The  free  bases—  2-(dimethylaminomethyl)  selenophene  and  3-methyl-2-(di- 
methylaminomethyl)  selenophene— were  prepared  by  passing  dry  ammonia  into  a  suspension  of  the  hydrochlorides 
in  absolute  ether.  An  unsuccessful  attempt  was  made  to  carry  out  aminomethylation  with  ammonium  chloride  (in 
place  of  dimethylamine  hydrochloride)  and  paraformaldehyde  under  the  same  conditions  (i.e.  in  a  medium  of 
anhydrous  alcohol).  The  selenophene  did  not  enter  into  reaction.  We  synthesized  aminomethylselenophenes  by 
the  procedure  developed  for  thiophene  [3,  4],  i.e.  we  subjected  selenophene  and  2-methylselenophene  to  the  action 
of  ammonium  chloride  and  36*70  formalin  or  paraformaldehyde.  In  both  cases  aminomethylation  of  selenophene 
went  with  formation  of  resinous  polymers.  We  obtained  the  best  results  when  using  3670  formalin;  2-selenenylamine 


(2-aminomethylselenophene)  and  2-methyl-5-selenenylainlne  (2-m3thyl-5-aniinomethylselenophene)  were 
obtained  in  20.5%  yields. 


I  II  +  CII2O  + NH^CI 
Sc 


!— ClioNIIa. 


Oxidation  of  their  alkaline  solution  with  potassium  permanganate  gave  the  corresponding  selenophene  carbox¬ 
ylic  acids. 


We  studied  the  acylaminomethylatlon  reaction  in  the  selenophene  series  with  reference  to  die  condensation 
of  selenophene  with  methylolbenzamide,  methylolacetamide, and  methylolphthalimide,  but  only  in  the  first  case 
did  we  obtain  definite  results.  Catalysts  tested  were  sulfuric  acid,  a  mixture  of  sulfuric  and  glacial  acetic  acids, 
and  85%  phosphoric  acid.  Acylaminomethylatlon  does  not  take  place  in  presence  of  sulfuric  acid;  an  amorphous 
substance  was  obtained;  this  was  apparently  a  polymeric  sulfur  compound  of  selenophene.  In  presence  of  phosphoric 
acid  we  found  conditions  in  which  selenophene  condenses  with  methylolbenzamide  in  50—60%  yield;  the  reaction 
readily  goes  as  tar  as  formation  of  di(N-benzoylaminomethyl)  selenophene  even  with  a  deficiency  of  methylol¬ 
benzamide.  Formation  of  di -derivatives  of  selenophene  is  apparently  due  to  the  selenophene  nucleus  being  very 
strongly  activated  by  the  first  N-benzoylaminomethyl  group.  In  this  manner  we  obtained  2,5-di-(N-benzoylamino- 
metliyl)-selenophene,  3-methyl-2,5-di(N-benzoylaminomethyl)5elcnophene,  2,5-dimethyl-3,4-di(N-benzoylamino- 
methyl)selenophene,  and  3,4-dimethyl -2, 5-di-(N-benzoylamxnomethyl)selenophene. 


j  ||-f-2C,tIlr.C()NHCIl2()ll 

\/ 

Sc 


(:,;iir,C()Niicii 
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Se 
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2-Methylselenophene  gave  both  a  mono- and  a  di(N-benzoylaminomethyl  derivative—  2-methyl-5-(N-benzoyl 
aminomethyl)selenophene  and  2-methyl- 4, 5 -di(N -benzoyl  aminomethyl)selenophene. 


Sc 


4-3C6II5CONIICH2UII 


Oil,—' 


\/ 

Sc 


-cii2Nii(’.()(::„ii5-f 


jj — r-CMgNIICOCeils 

4-  CllJI^J-GIiaNllCOCeHi 
Se 


2-Methyl -5“(N-benzoylaminomethyl)selenophene  was  found  to  be  identical  with  the  benzoyl  derivative  of 
2-m<;thyl-5-selenenylamine  obtained  by  aminomethylation  of  2-methylselenophene  with  formalin  and  ammonium 
chloride  (m.p.  121—122*);  it  was  markedly  different  from  the  benzoyl  derivative  of  2-(  6 -aminoethyl)selenophene 
(m.p.  70—71*)  [11];  a  melting  point  depression  was  observed  in  admixture  with  the  latter  (m.p.  105—106*). 

Attempts  to  remove  the  benzoyl  groups  and  to  prepare  the  free  bases  from  the  N-benzoylaminomethylseleno- 
phenes  were  unsuccessful  both  on  acidic  and  on  alkaline  hydrolysis;  in  both  of  the  cases  the  only  reaction  was 
resinification  of  the  selenophene  ring  with  liberation  of  selenium. 

EXPERIMENTAL 

Hydrochlorides  of  dimethylaminomethylalkylselenophenes  were  prepared  by  our  procedure  for  the  synthesis 
of  6-dimethylaminoalkyl-(selenenyl-2)ketones  [1];  they  were  purified  by  reprecipitation  from  alcohol  by  ether. 

2-(Dimethylaminomethvl)selenophene  hydrochloride.  1.5  g  (0.011  mole)  of  selenophene,  1.5  g  (0.018  mole) 
dimethylamine  hydrochloride,  0.75  g  (0.025  mole)  paraformaldehyde  and  3  ml  anhydrous  alcohol  gave  0.8  g  (30%); 
m.p.  178-179’. 

Found  %:  C  37.30,  37.23;  H  5.34,  5.17;  N  5.79,  5.84.  C7H ,2^^150.  Calculated  %:  C  37.44;  H  5.39; 

N  6.24. 
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3-Methvl -2-(dlmethylamlnomethyl)selenophene  hydrochloride.  1  g  (0.007  mole)  3-methylselenophene . 

1.21  g  (0.015  mole)  dimethylamine  hydrochloride,  0.6  g  (0.02  mole)  paraformaldehyde  and  3  ml  anhydrous  alcohol 
gave  1  g  (60*70);  m.p.  209—210*. 

Found  *70:  C  40.11,  40.07;  H  6.09,  5.97;  N  5.45,  5.49.  CgHuNClSe.  Calculated  "/o:  C  40.44;  H  5.89; 

N  5.85. 

2,4-Dimethyl-5-(dlmethylaminomethyl)selenophene.  3.2  g  (0.02  mole)  2,4-dimethylselenophene,  2.4  g 
(0.03  mole)  dimethylamine  hydrochloride,  1.35  g  (0.045  mole)  paraformaldehyde  and  5  ml  anhydrous  alcohol 
gave  3. 1  g  (61*70);  m.p.  184—185*. 

Found  *7o:  C  42.93,  42.90;  H  6.67,  6.72;  N  5.34,  5.34.  C^j^ClSe.  Calculated  *7o:  C  42.80;  H  6.39; 

N  5.55. 

3“4-Dimethyl-2-(dimethylaminomethyl)selenophene.  1.6  g  (0.01  mole)  3,4-dimethylselenophene,  1.2  g 
(0.015  mole)  dimethylamine  hdyrochloride,  0.7  g  (0.02  mole)  paraformaldehyde  and  3  ml  anhydrous  alcohol  gave 
1.6g(61*7o);  m.p.  199-200*. 

Found  *7o:  C  42.64,  42.49;  H  6.35,  6.32;  N  5.54,  5.62.  CjHijNClSe.  Calculated  *7o:  C  42.80;  H  6.39; 

N  5.55. 

2~(Dimethylaminomethyl)selenophene.  Passage  of  dry  ammonia  into  a  suspension  of  L8  g  of  2-(dimethylamino- 
methyl)selenophene  hydrochloride  in  absolute  alcohol  gave  0.75  g  (50*7o)  of  the  base. 

B.p.  82-82.5"  (14  mm),  ng*  1.5460,  df  1.3119,  MR^  45.43.  CTHnNSeF*.  Calculated  *70;  45.94. 

Found  *7o:  C  44.43,  44.21;  H  6.10,  5.96.  CtHuNSo.  Calculated  *7o:  C  44.70;  H  5.89. 

2-(Dimethylaminomethyl)-3-methylselenophene.  1. 9  g  of  3-methyl -2-(dimethylaminomethyl)selenophene 
hydrochloride,  treated  as  above,  gave  0. 7  g  (44*7o). 

B.p.  97.5-98”  (16  mm),  ng  1.5422,  df  1.2591,  MR^  50.53.  C,H„NSef4.  Calculated  *7o:  50.55. 

Found  *7o:  C  47.53,  47.51;  H  6.76,  6.84.  CgHyNSe.  Calculated  *7o:  C  47.73;  H  6.48. 

2  -Selenenylamine.  40  g  (0.48  mole)  of  36*7o  formalin  and  12.8  g  (0.24  mole)  of  ammonium  chloride  were 
added  to  15  g  (0.12  mole)  of  selenophene  in  a  three-necked  flask  fitted  with  a  powerful  stirrer,  a  reflux  condenser, 
and  a  thermometer.  The  mixture  was  heated  to  60"—  the  temperature  of  commencement  of  the  reaction—  and  it 
was  held  at  64—65"  for  half  an  hour.  It  was  then  cooled  to  18—20";  35  ml  methyl  alcohol  was  added  and  stirring 
was  continued  for  another  2  hr.  The  mass  was  then  stood  overnight.  The  solvent  and  unchanged  selenophene  (2  g) 
were  distilled  off  with  steam  and  the  residue  in  the  flask  was  neutralized  with  24  ml  (0.24  mole)  of  40*7o  sodium 
hydroxide  solution.  The  precipitate  of  15  g  (79*7o),  containing  selenium  and  isoluble  in  organic  solvents,  was  filtered 
and  washed  with  ether.  It  changed  into  a  resinous  mass  after  being  twice  dissolved  in  2  N  hydrochloric  acid  and 
reprecipitated  with  25*7o  ammonia. 

The  filtrate  was  saturated  with  common  salt  and  repeatedly  extracted  with  ether.  The  ether  extracts  were 
dried  with  potassium  carbonate.  After  removal  of  the  ether,  the  substance  was  distilled  in  vacuo  to  give  3.3  g 
(20.5*70)  of  2-selenenylamine. 

B.p.  89.5-90’  (10  mm),  n^®  1.6021,  df  1.5512,  MR^  35.37.  CsHjNSefj.  Calculated  *7o:  36.15. 

Literature  [12]:  b.p.  103—103.5’  (15  mm),  n^®  1.6044,  d^®  1.5530. 

Found  «7o:  0  37.73,37.54;  H  4.54,  4.42.  CgH^Se.  Calculated  *70;  C  37.52;  H  4.41. 

2-Selenenylamine  carbonate  (easily  formed  in  die  air):  m  p.  88—89*. 

Found  *7o:  Se  41.61,  41.57.  CjiHi^jNjSe.  Calculated  *7o:  Se  41.76. 

2-(N-Benzoylaminomethyl)selenophene.  0.47  g  (0.003  mole)  2-selenenylamine,  0.32  g  (0.008  mole)  sodium 
hydroxide  and  0.5  g  (0.003  mole)  benzoyl  chloride  gave  0.62  g  (80*7o):  m.p.  121—122’  (from  toluene). 

Found  *70:  Se  29.87,  29.53.  C^HuONSe.  Calculated  *7o:  Se  29.85. 

Selenophene-2-carboxylic  acid.  Following  the  procedure  of  Rinkes  [13,  14],  1.94  g  (0,012  mole)  KMnO^ 
in  40  ml  water  was  stirred  slowly  at  40*  into  0.97  g  (0.006  mole>  2-selenenylamine  and  1.94  g  (0.048  mole) 
sodium  hydroxide  in  25  ml  water.  After  standing  for  24  hr,  the  manganese  dioxide  was  filtered  off  and  washed  with 
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hot  water.  The  filtrates  were  evaporated  and  acidified  with  20®/o  hydrochloric  acid  to  give  a  total  of  0.65  g  (Bl^yo), 
m.p.  119—120*  (from  water);  no  depression  in  a  mixed  melting  point  test  with  authentic  selenophene -2 -carboxylic 
acid  [15]. 

2-Methyl-5“selenenylamine.  A  mixture  of  7.5  g  (0.052  mole)  of  2-methylselenophene,  4.2  g  (0.078  mole) 
of  ammonium  chloride  and  4. 3  g  (0.052  mole)  of  36'^?)  formalin  was  stirred  at  40*;  the  temperature  rose  spontaneously 
to  51*,  and  stirring  was  continued  for  50  min  at  this  temperature.  After  cooling  to  18—20*,  6  ml  of  benzene  was 
added  and  the  mass  was  neutralized  with  8  ml  of  A0°Jo  sodium  hydroxide  solution;  an  oil  was  formed  which  changed 
into  a  resin  (0.31  g);  this  contained  selenium  and  was  insoluble  in  organic  solvents.  The  filtrate  was  saturated  with 
common  salt  and  repeatedly  extracted  with  benzene.  The  benzene  was  driven  off  and  the  residue  distilled  in  vacuo 
to  give:  a)  0.65  g  of  unchanged  2-methylselenophene  and  b)  1.7  g  (20.5*70)  of  amine. 

B.p.  93-93.5*  (7  mm)  n“  1.5742,  df  1.4172,  MR^  40.53.  CjHjNSef*.  Calculated 40.77. 

Found  <7o:  C  41.33,  41.15;  H  5.40,  5.33.  Calculated  <70;  C  41.37;  H  5.21. 

2-Methyl-5-selenenylamine  carbonate  (easily  formed  in  the  air);  m.p.  83— 84*  (decomp.). 

Found  "/o:  Se  38.81,  38. 68.  C|3H2o03N2Se2.  Calculated  <7o;  Se  38.91. 

2-Methyl-5-(N-benzoylaminomethyl)selenophene.  0.36  g  (0.002  mole)  of  2 -methyl-5 -selenenylamine, 

0.2  g  (0.005  mole)  of  sodium  hydroxide  and  0.3  g  (0.002  mole)  of  benzoyl  chloride  gave  0.37  g  (65*70):  m.p. 

132—133*  (from  toluene).  No  depression  in  a  mixed  melting  point  test  with  a  preparation  obtained  by  benzoyl - 
aminomethylation  of  2-methylselenophene. 

2- Methylselenophene -5 -carboxylic  acid.  Starting  from  1  g  (0.004  mole)  of  2-methyl-5-selenenylamine,  2  g 
(0.048  mole)  of  potassium  permanganate  and  2  g  (0.012  mole)  of  sodium  hydroxide  in  100  ml  water,  reaction  by 
the  above  procedure  gave  0.9  g  (84*7o)  of  product  with  m.p.  134—134.5*  (from  water). 

Literature  [  16]:  m.p.  134—136*. 

Found  <70:  C  37.89,  37.71;  H  3.15,  3.25.  C*H^2Se.  Calculated  <7>:  C  38.11;  H  3.20. 

Procedure  for  N-benzoylaminomethylation  of  selenophene  and  its  homologs.  0.03  mole  of  selenophene, 

0.06  mole  of  methylolbenzamlde  and  15  ml  of  glacial  acetic  acid  were  put  into  a  three -necked  flask  (fitted  with 
stirrer,  reflux  condenser, and  thermometer)  and  the  mixture  was  heated  to  70*  on  a  water  bath.  0.003  mole  of  85*70 
phosphoric  acid  in  10  ml  of  glacial  acetic  acid  was  added  dropwise  at  70—80*,  and  heating  was  continued  for  12— 

15  hr  at  this  temperature.  The  mass  was  then  cooled  and  poured  onto  ice.  An  oil  separated  and  gradually  solidified. 

It  was  collected  and  recrystallized.  The  filtrate  was  extracted  with  ether  to  remove  unchanged  selenophene.  Part 
of  the  selenophene  resinified  and  methylenedibenzamide  was  formed  in  die  course  of  the  work. 

2. 5 - D i(N -benzoylaminomethyl )selenophene.  10  g  selenophene  and  22.6  g  methylolbenzamlde  were  treated 
with  0.8  g  85*7o  phosphoric  acid  and  30  ml  glacial  acetic  acid  to  give  14  g  (60.5*7o)  of  product  with  m.p.  165—166* 
(from  benzene). 

Found  *7o:  0  60.89,60.95;  H  4.77,  4.75;  Se  19.47,  19.48.  C2oHtt02N2Se.  Calculated  *7o:  C  60.46;  H  4.57; 

Se  19.87. 

3- Methyl-2,5-di(N -benzoylaminomethyl )selenophene.  3  g  3-methylselenophene  and  6.2  g  methylolbenzamlde 
in  presence  of  0.2  g  (85*70)  phosphoric  acid  and  15  ml  glacial  acetic  acid  gave  3.5  g  (52*7o)  of  product  with  m.p. 
198—199*  (from  benzene). 

Found  <7o:  0  61.56,  61.66;  H  4.89,  5.02;  Se  19.15,  19.23.  CjiHzoOjNjSe.  Calculated  *7o:  0  61.32;  H  4.90; 

Se  19.24. 

2. 5- Dimethyl-3,4-di(N -benzoylaminomethyl)  selenophene.  5.4  g  2,5-dimethylselenophene  and  10  g  methylol- 
benzamide  in  presence  of  0.3  g  (85*7o)  phosphoric  acid  and  25  ml  glacial  acetic  acid  gave  7. 5  g  (48*7o)  of  product 
with  m.p.  201—202*  (from  benzene). 

Found  *70:  62.20,62.16;  H  5.29,  5.43.  CjjHajOjNaSe.  Calculated  <7o:  0  62.10;  H  5.21. 

3,4-Dimethyl -2,5-di(N-benzoylaminomethyl)selenophene.  6.75  g  3,4-dimethylselenophene  and  12.8  g  methylol 
benzamide  in  presence  of  0.4  g  (85*70)  phosphoric  acid  and  25  ml  glacial  acetic  acid  gave  9  g  (50*7o)  of  product 
with  m.p.  224—225*  (from  benzene). 
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Found‘d:  0  61.83,62.03;  H  494.  5.14;  Se  18.58,  18.49.  CaHaOjNjSe.  Calculated  C  62.10;  H  5.21; 

Se  18.74. 

Benzoylaminomethylation  of  2-niethylselenophene.  5  g  of  2-methylselenophene  and  15.3  g  of  methylol- 
benzamide  in  presence  of  0.33  g  of  85%  phosphoric  acid  and  25  ml  of  glacial  acetic  acid  gave  6.7  g  (48%)  of 
2-methyl-4,5-di(N-benzoylaminomethyl)selenophene  with  m.p.  181-181.5*  (from  benzene). 

Found  %;  0  61.27,61.39;  H  5.05,  5.11;  Se  19.14,  19.46.  OjiHaoOjNjSe.  Oalculated  %:  0  61.32;  H4.90; 
Se  19.21. 

From  the  reaction  product  was  also  isolated  1.5  g  (16%)  of  2 -methyl -5(N-benzoylaminomcthyl)selenophene 
with  m.p.  132—133"  (from  toluene). 

Found  %:  0  55.98,56  13;  H  4.92,  5.02.  OuH^sONSe.  Oalculated  %;  0  56.13;  H  4.71. 

There  was  no  depression  of  melting  point  in  a  mixed  test  widi  the  product  of  benzoylationof  2-methyl-5- 
selenenyl  amine. 

SUMMARY 

1.  Dialkylaminomethylation  of  selenophene  and  its  homologs  by  tfie  action  of  dlmethylamine  hydrochloride 
and  paraformaldehyde  in  a  medium  of  ethanol  leads  to  hydrochlcxrides  of  dimethylaminomehtylselenophenes  in 
yields  of  30—60%.  The  dimethylaminomethyl  group  enters  in  the  a  position  of  the  selenophene  ring. 

2.  Aminomethylation  of  selenophene  and  of  2-methylselenophene  by  the  action  of  36%  formalin  and 
ammonium  chloride  leads  to  2-selenenylamine  and  2-methyl-5-selenenylamine  respectively. 

3.  Benzoylaminomethylation  of  selenophene  and  its  homologs  in  presence  of  85  %  phosphoric  acid  leads 
predominantly  to  di-N-benzoylaminomethyl  derivatives  of  selenophene  (50—60%);  the  N-benzoylaminomethyl 
groups  enter  at  the  B  position  of  the  selenophene  ring  if  the  a  position  is  occupied. 
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TETRA  ACYLOXYSILANES  IN  ORGANIC  SYNTHESIS 
XXV.  ACYLOXYTRICHLOROSILANES  FROM  ORGANIC  ALffHATIC  ACIDS 

Yu.  K.  Yur'ev,  Z.  V.  Belyakova,  and  V.  P.  Volkov 


In  our  preceding  communications  [1,  2]  we  showed  that  heating  of  acids  of  the  aromatic  and  heterocyclic 
series  with  excess  of  silicon  tetrachloride  leads  to  quantitative  formation  of  acyloxytrichlorosilanes.  These  compounds 
disproportionate  (symmetrize)—  some  after  standing  for  fairly  lengthy  periods,  others  after  a  few  hours,  but  all 
without  exception  rapidly  when  heated  —  to  form  tetraacyloxysilanes  and  silicon  tetrachloride. 

The  failure  of  Goubeau  and  Mundiel  [3]  to  obtain  acetoxytrichlorosilane  by  the  action  of  excess  of  silicon 
tetrachloride  on  acetic  acid  (only  tetraacetoxysilane  was  obtained)  was  due,  as  we  established,  to  the  facility  with 
which  acetoxytrichlorosilane  disproportionates  to  tetraacetoxysilane  and  silicon  tetrachloride.  This  was  the  only 
reason  why  the  cited  authors  could  not  even  detect  the  formation  of  acetoxytrichlorosilane. 


In  the  present  work  we  established  that  heating  of  fatty  acids  -  including  acetic  acid—  with  excess  of  silicon 
tetrachloride  leads  to  the  corresponding  acyloxytrichlorosilanes  (I)  in  quantitative  yields.  They  are  colorless  liquids 
which  fume  in  the  air  and  readily  disproportionate  on  distillation  (II). 


RCOOH  -f  SiCl4  RCOOSiCl.,  HCl 
4RCOOSiCl3  Si(OGOR)4  -J-3SiCl4 


(D 

(H) 


Acetoxytrichlorosilane  disproportionates  the  most  easily.  The  tendency  of  acyloxytrichlorosilanes  formed  by 
fatty  acids  to  disproportionate  decreases  with  increasing  length  of  the  carbon  chain  and  and  also  with  increasing 
degree  of  branching  of  the  chain.  This  regularity  is  illustrated  bythe  table,  which  gives  the  yields  of  acyloxytrichloro¬ 
silanes  obtained  on  their  distillation.  Acyloxytrichlorosilanes  break  down  on  distillation  at  atmospheric  pressure  to 
form  acid  chlorides  (17—42*70),  whereas  the  product  of  breakdown  when  the  distillation  is  performed  in  vacuo  is  the 
acid  anhydride  (21—38*70).  These  facts  support  our  earlier  theory  of  the  thermal  breakdown  of  acyloxytrichlorosilanes 
[2],  according  to  which  heating  is  accompanied  by  disproportionation  to  silicon  tetrachloride  and  tetraacyloxysllane 
(II)  with  subsequent  breakdown  of  the  tetraacyloxysllane  to  silica  and  acid  anhydride  (III);  the  latter  reacts  with 
silicon  tetrachloride  to  form  the  acid  chloride  and  silica  (IV). 


(HI) 

Si(0C0R)4  2(RC0)20  +  Si02 

2(RG0)20  4-  SiGl4  4RG0G1  +  Si02  (IV) 


Vacuum  distillation  of  the  acyloxytrichlorosilane  naturally  results  in  the  last  step—  formation  of  acyl  chloride 
by  reaction  between  acid  anhydride  and  silicon  tetrachloride  —  not  taking  place,  due  to  volatilization  of  the  silicon 
tetrachloride,  so  that  the  reaction  terminates  with  formation  of  anhydride. 

In  the  preceding  paper  [1]  we  showed,  with  reference  to  the  reaction  of  benzoyloxytrichlorosilane  with  an 
equimolar  quantity  of  anhydrous  ethanol  at  -30  ’ ,  that  the  benzoyloxy  group  is  more  easily  replaced  than  chlorine 
atoms  by  the  ethoxy  group.  This  was  confirmed  in  the  present  work  in  the  reaction  of  molar  quantities  of  2-furoyloxy 
and  2-thenoyloxytrichlorosilane  with  anhydrous  ethanol  under  the  same  conditions;  yields  of  2-furoic  acid  and 
thiophene-2-carboxylic  acid  were  72  and  66  *7o  respectively. 

RC00SiGl3  4-C2H50II  — >  RGOOH  4- G2H50SiGl3, 

R  =  a-C.IIjO,  o-C.HjS. 
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If  the  reactivities  of  the  groups  in  question  had  been  identical,  the  yield  of  each  acid  should  have  been  only 
25*^.  This  unusual  behavior  of  the  acyloxy  group  is  evidently  due  to  the  catalytic  influence  of  hydrogen  chloride, 
which  is  released  in  the  secondary  reaction  of  replacement  of  halogen  by  alkoxyl. 

RCOOSiCla  +  C2H5OH  — RCOOSiCl2(OC2H5)  +  HCl 

We  also  established  that  the  action  of  acetic  acid  on  2-furoyloxy-  and  on  2-thenoyloxytrichlorosilane  is 
accompanied  by  replacement  of  halogen  atoms  by  acetoxy  groups  with  formation  of  2-furoyloxytriacetoxysilane 
(96®/o)  respectively.  Consequently,  the  action  of  organic  acids  on  acyloxytrichlorosilanes  is  a  means  of  preparation 
of  previously  undescribed  mixed  anhydrides  formed  by  silicic  acid  and  two  organic  acids. 

RCOOSiCls  +  aCHsCOOH  — *•  RCOOSi(OCOGH3)3  +  3HC1 

R=o-C4H,0,  a.C,H,S. 

Acyloxytrichlorosilanes,  like  tetraacyloxysilanes  [4],  react  with  organomagnesium  compounds  to  give  tetra- 
alkylsilanes  (53—19^)  and  tertiary  alcohols  (74—89%). 

R' 

RCOOSiCU  +  BR'MgX  — V  R— i— OH  +  SiR4* 

R' 

1)  R==CH,,  R'  =  C,H„  C,H„  C«H,; 

2)  R  =  C,H„  R'=C,H,; 

3)  R=sC,H,i,  R'rsC.U,. 

EXPERIMENTAL 

A cy lox ytr ichlorosilanes  were  prepared,  as  described  previously  [  1,  2],  by  the  action  of  excess  of  silicon  tetra¬ 
chloride  on  fatty  acids.  The  yields  of  acyloxytrichlorosilanes  are  quantitative,  as  indicated  by  the  date  for  analysis 
of  the  undistilled  acetoxytrichlorosilane  (only  after  vacuum  distillation  of  excess  silicon  tetrachloride).  The  table 
lists  the  acyloxytrichlcxrosilanes  that  we  prepared  and  the  products  of  their  breakdown  during  normal  distillation  and 
distillation  in  vacuo. 

Reaction  with  ethyl  alcohol.  1.  Using  the  earlier  procedure  [1],  2.3  g  (0.05  mole)  of  anhydrous  ethanol  was 
reacted  at  -30*  with  12,3  g  (0.05  mole)  of  2-furoyloxytrichlorosllane  to  give  4.0  g  (72%)  of  2-furoic  acid  with  m.p. 
130—131";  no  depression  of  melting  point  in  a  mixed  test  with  authentic  2-furoic  acid.  Distillation  of  the  filtrate 
yielded  4.6  g  of  a  fraction  with  b.p.  100—140’  (752  mm);  this  boiling  range  corresponded  to  a  mixture  of  ethoxy- 
trichlorosilane  and  diethoxydichlorosilane. 

2.  Reaction  at  -30*  of  2.3  g  (0.05  mole)  anhydrous  ethanol  with  13.2  g  (0.05  mole)  2-thenoyloxytrichloro- 
silane  led  to  separation  of  4.2  g  (66%)  of  thiophene -2-carboxylic  acid  with  m.p.  124-125";  no  depression  in  ad¬ 
mixture  with  authentic  thiophene-2-carboxylic  acid.  Distillation  of  the  filtrate  gave  4. 1  g  of  a  fraction  with  b.p. 
100-140*  (749  mm). 

Reaction  with  organic  acids.  A  mixture  of  0.05  mole  acyloxytrichlorosilane  and  0.15  mole  glacial  acetic 
acid  was  heated  in  a  50  ml  flask  fitted  with  a  reflux  condenser  for  4—5  hr  at  40—60"  and  5—10  min  on  a  boiling 
water  bath  until  hydrogen  chloride  ceased  to  come  off.  The  mass  crystallized  on  cooling.  The  crystals  were  washed 
with  ligroine  and  analyzed. 

1.  From  12.3  g  of  2-furoyloxytrichlorosilane  and  9.0  g  of  acetic  acid  was  obtained  15.2  g  (96%)  of  2-furoyl¬ 
oxytriacetoxysilane  with  m.p.  80—81.5". 

Found  %;  Si  8.76,  8.83.  CuH^O^i.  Calculated  %:  Si  8.88. 

2,  From  13.2  g  of  2-thenoyloxytrichlorosilane  and  9.0  g  of  acetic  acid  was  obtained  15.9  g  (95%)  of  3-thenoyl 
oxytriacetoxysilane  with  m.p.  65—67". 

Found  %:  Si  8.32,  8.38.  CuHjjOgSSi.  Calculated  %;  Si  8.45. 

Reaction  with  organomagnesium  compounds.  0.05  mole  of  acyloxytrichlorosilane  in  25  ml  of  absolute  ether 
was  added  to  the  Grignard  reagent  from  12.2  g  (0.5  g-atom)  of  magnesium  .and  0.5  mole  of  alkyl  halide  in  175  ml 
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•Literature  data  [3]:  b.p.  130*  (760  mm). 
••The  undistilled  preparation  was  analyzed. 


of  absolute  ether  in  a  three-necked  500-inl  flask  fitted  with  stirrer,  reflux  condenser.and  dropping  funnel.  The 
mixture  was  heated  for  18—20  hr  on  a  water  bath,  cooled,  and  poured  in  small  portions  with  vigorous  stirring  into 
iced  water  acidified  with  hydrochloric  acid.  The  ethereal  layer  was  separated  and  die  aqueous  layer  was  extracted 
with  ether.  The  combined  ether  extracts  were  washed  with  water,  sodium  carbonate,  and  again  with  water,  and 
dried  with  potassium  carbonate.  After  the  ether  had  been  driven  off,  the  residue  was  fractionated  to  give  the  ter¬ 
tiary  alcohol  and  the  tetraalkylsilane.  The  latter  was  redistilled  over  sodium. 

1.  Methyldiethylcarbinol  and  tetraethylsilane.  From  12.2  g  magnesium,  54.5  g  ethyl  bromide, and  9.7  g 
acetoxytrichlorosilane  was  obtained;  a)  4.2  g  (82*70)  of  methyldiethylcarbinol. 

B.p.  120-121*  (744  mm),  n^  1.4202,  df  0.8297.  MR^  31.17.  C,HiP.  Calculated  31.44. 

Literature  data  [5];  b.p.  122.8-123*  (760  mm),  n“  1.4166,  df  0.8233. 

b)  5.2  g  (72*70)  of  tetraethylsilane. 

B.p.  152-153*  (744  mm),  ng  1.4272,  d?  0.7648. 

Literature  data  [6]:  b.p.  153.7*  (760  mm).  n“  1.4267,  dj®  0.7662. 

2.  Diethylbutylcarbinol  and  tetraethylsilane.  From  12.2  g  magnesium.  54.5  g  ethyl  bromide,  and  11.8  g 
valeryloxytrichlorosilane  was  obtained:  a)  5.75  g  (80*7>)  of  diethylbutylcarbinol. 

B.p.  69-70*  (10  mm),  n^®  1.4369,  d|®  0.8381,  MRp  45.11  CjHjoO.  Calculated:  45.29. 

Literature  data  [7]:  b.p.  76.5—77.5"  (15  mm)  n^  1.4362,  d”  0.8393. 

b)  5.1  g  (71*7o)  of  tetraetliylsilane. 

B.p.  151.5-152.5*  (739  mm),  n^®  1.4271,  dj®  0.7650. 

3.  Piethylphenylcarbinol  and  tetraethylsilane.  From  12.2  g  magnesium,  54.6  g  ethyl  bromide,and  12.8  g 
benzoyloxytrichlorosilane  was  obtained:  a)  6.7  g  (82*7>)  of  diethylphenylcarbinol. 

B.p.  105-106*  (10  mm),  ng  1.5186,  df  0.9825,  MRp  50.66.  CuHiPf,.  Calculated:  50.92. 

Literature  data  [8];  b.p.  111—113*  (15  mm),  n^  1.5182,  d*  0.9831. 

b)  3.8  g  (53*7o)  of  tetraethylsilane: 

B.p.  151.5-152.5*  (740  mm),  ng  1.4272,  dj®  0.7647. 

4  Methyldipropylcarbinol  and  tetrapropylsilane.  From  12.2  g  magnesium,  61.5  g  propyl  bromide>and  9.7  g 
acetoxytrichlorosilane  was  obtained:  a)  5.8  g  (89*7))  of  methyldipropylcarbinol. 

B.p.  70-72*  (10  mm\  ng  1.4275,  df  0.8227,  MRp  40.66.  C,HaO.  Calculated:  40.67. 

Literature  data  [9]:  b.p.  159.5-160.5*,  df  0.82357. 

b)  7.8  g  (78*7))  of  tetrapropylsilane. 

B.p.  88-89*  (10  mm),  ng  L4379,  dj®  0.7847. 

Literature  data  [10];  b.p.  90—91.5*  (13mm),  ng  1.4370,  d*®  0.7838. 

5.  Methyldibutylcarbihol  and  tetrabutylsilane.  From  12.2  g  magnesium,  68.5  g  butylbromide ,and  9.7  g 
acetoxytrichlorosilane  was  obtained:  a)  6.2  g  (78*7>)  of  methyldibutylcarbinol. 

B.p.  80-81*  (9  mm),  ng  1.4352,  df  0.8305,  MR^  49.74,  C^HaO.  Calculated:  49.90. 

Literature  data  [7];  b.p.  91.4—92.4*  (15  mm),ng  1.4341,  dj*  0.8290. 

b)  10.2  g  (79*7))  of  tetrabutylsilane. 

B.p.  114-116*  (9  mm\  ng  1.4452,  df  0.8011. 

Literature  data  [10]:  b.p.  105.5—108.8*  (5  mm),  ng  1.4462,  df  0.8005. 
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6.  Dlbutylheptylcarbinol  and  tetrabutylsilane.  From  12.2  g  magnesium,  68,5  g  butyl  bromidetand  13.9  g 
caproyloxytrichlorosllane  was  obtained;  a)  9.0  g  (14*^o)  of  dibutylheptylcarbinol. 

B.p.  142--144’  (10  mm),  ng  1.4515,  df  0.8408,  MRp  77.71.  Calculated:  77.61. 

Literature  data  [11]:  b.p.  131—135“  (5  mm),  ng  1.4512,  d*  0.8415. 

b)  9.7  g  (76^o)  of  tetrabutylsilane. 

B.p.  115-117“  (10  mm),  ng  L4453,  d?  0.8009. 

SUMMARY 

1.  The  action  of  excess  of  silicon  tetrachloride  on  monobasic  organic  acids  of  the  aliphatic  series  leads  to 
acyloxytrichlorosilanes, 

2.  The  acyloxyoxytrlchlorosilanes  formed  by  aliphatic  organic  acids  are  easily  disproportionated  to  tetra- 
acyloxysilanes  and  silicon  tetrachloride.  The  tendency  to  disproportionate  decreases  with  increasing  number  of 
carbon  atoms  in  the  straight  chain  of  an  organic  acid  and  also  with  increased  branching  of  acids  with  an  iso  structure. 

3.  Ethyl  alcohol  acts  on  acyloxytrichlorosilanes  at  -30“  and  displaces  the  organic  acid. 

4.  Reaction  of  an  acyloxytrichlorosilane  with  an  acid  other  than  that  entering  into  its  composition  leads  to 
formation  of  mixed  anhydrides  formed  by  silicic  acid  with  two  different  organic  acids. 

5.  Organomagnesium  compounds  act  on  acyloxytrichlorosilanes  similarly  to  tetraacyloxysilanes,  to  form 
tertiary  alcohols  and  tetraalkylsilanes. 
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UNSATURATED  DERIVATIVES  OF  THIOPHENE 
L  THIENYL  VINYL  KETONE  AND  ITS  PROPERTIES 


N,  I.  Putokhin  and  V.  N.  Ivanova 
Kuibyshev  Industrial  Institute 

During  our  work  in  the  thiophene  field  we  undertook  a  study  of  monomers  containing  a  thiophene  ring  which 
have  not  yet  been  reported  in  the  literature.  Here  we  describe  our  synthesis  of  thienyl  vinyl  ketone  and  its  properties. 

It  was  originally  planned  to  synthesize  thienyl  vinyl  ketone  from  allyl  alcohol  via  dibromopropionyl  chloride 
and  dibromopropiothienone.  However,  the  yield  of  dibromopropiothienone  was  insignificant  (8— lO^/o)  and  great 
difficulties  were  attached  to  the  removal  of  bromine.  We  therefMe  made  use  of  the  method  [1]  based  on  decom- 
positon  of  the  tertiary  amine  widi  steam. 

(C4ll3SCOCIl2CH2)3N  •  HCl  — ►  3Qn3SCO-CH=CH2-fNn4Cl 

The  amine  was  synthesized  in  the  form  of  die  hydrochloride  by  the  Mannich  reaction  [2]  from  acetothienone, 
formaldehyde  and  ammonium  chloride.  It  was  found  that  attainment  of  a  maximum  yield  necessitated  an  aceto- 
thieneoneS  formaldehyde^  ammonium  chloride  ratio  of  3:45J1.  Acetothienone  was  prepared  by  Gol'dfarb’s  method  [3]. 

Thienyl  vinyl  ketone  is  a  mobile,  light-yellow  oil  with  a  pungent  odor,  easily  soluble  in  benzene,  less  soluble 
in  ether  and  alcohol.  Yield  up  to  50%  of  the  theoretical.  Its  structure  was  confirmed  by  determination  of  the  sulfur 
content  and  by  preparation  and  analysis  of  the  bromide  and  semicarbazone,  as  well  as  by  the  ease  of  polymerization. 

EXPERIMENTAL 

Tri(propiothienone )amine  hydrochloride.  1L25  g  of  acetothienone,  1.58  g  of  ammonium  chloride  »and  7.35  ml 
(about  2/3  of  the  required  quantity)  of  33.5%  formaldehyde  were  placed  in  a  100- ml  round -bottomed  flask  to  which 
a  reflux  condenser  was  attached.  The  flask  was  heated  one  hour  on  a  water  bath,  another  3.9  ml  formaldehyde 
solution  was  added,  and  heating  was  continued  for  2  hr.  An  oil  accumulated  at  the  bottom  of  the  flask  and  gradually 
crystallized  on  standing  in  the  cold.  After  48  hr  the  filtrate  was  drained  on  aNutsch  and  the  crystals  were  washed 
with  alcohol.  They  were  further  purified  by  trituration  with  alcohol  and  were  then  suction-filtered  once  again  and 
dried  in  the  air.  Yield  6.73  g  (48%).  An  additional  0.9  g  of  crystals  was  collected  from  the  mother  liquor  after 
prolonged  standing.  The  total  yield  of  amine  hydrochloride  was  up  to  55%.  White  crystals  readily  soluble  in  hot 
water,  poorly  soluble  in  alcohol.  M.p.  174-175*  after  recrystallization  from  aqueous  alcohol. 

Found  %:  N  3.36,  2,85;  S  20.28,  20.24.  C21H22O5NCIS3.  Calculated  %;  N  2.99;  S  20.53. 

Thienyl  vinyl  ketone  was  prepared  by  steam  distillation  of  4  g  of  tri(propiothienone)amine  hydrochloride. 

The  distillate  was  twice  extracted  with  ether;  the  ether  solution  was  dried  with  calcium  chloride.  Removal  of  the 
ether  left  a  mobile,  yellow  oil  with  a  pungent  and  irritating  odor. 

d“  1.1755,  nj^  1.5870,  MRp  38.908;  calc.  39.002. 

Found  %:  S  22.93.  C^^S.  Calculated  %:  S  23.18. 

Preliminary  experiments  on  the  polymerization  of  thienyl  vinyl  ketone.  Heating  of  1. 2  g  of  the  ketone  in  a 
sealed  test  tube  (length  110  mm,  diameter  10  mm)  at  50—60*  for  35  hr  gave  a  poorly  mobile  oil  that  could  be 
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drawn  into  a  thread.  Rise  of  temperature  to  100*  speeded  up  polymerization  (10  hr)  and  gave  a  transparent,  yellow, 
homy  product. 

Semlcarbazone.  0.46  g  of  thienyl  vinyl  ketone  was  dissolved  in  10  ml  of  alcohol  in  a  100-ml  round -bottomed 
flask, and  a  solution  of  1  g  of  semicarabazide  and  0.9  g  of  sodium  acetate  in  10  ml  of  water  was  added.  The  flask 
was  connected  to  a  reflux  condenser  and  the  contents  were  gently  boiled  for  2.5  hr  on  an  air  bath.  The  solution 
became  transparent  and  yellow,  and  after  a  few  hours  fine  yellow  crystals  were  deposited.  These  were  filtered, 
washed  with  water  and  dried.  Yield  0.32  g  (50*70).  M.p.  135— 137*. 

Found  *70:  N  21.75,  22. 0.CgHjONgS.  Calculated  <7o:  N  21.53. 

Bromide.  Bromine  was  added  dropwise  from  a  capillary  pipet  to  a  solution  of  0.25  g  of  thienyl  vinyl  ketone 
in  10  ml  of  ether  in  a  50  ml  beaker  until  the  solution  was  no  longer  decolwized.  The  mass  was  left  in  the  air  until 
the  ether  had  evaporated.  The  bromide  was  quickly  crystallized.  Yield  0.36  g  (66*7* )• 

Found  *70:  Br  53.45  (Stepanov  method).  C^^SBr2.  Calculated ‘7>:  Br  53.62. 

SUMMARY 

Tri(propiothienone)amine  hydrochloride  was  synthesized.  Thienyl  vinyl  ketone  was  synthesized  and  character¬ 
ized. 
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THE  ADDITION  OF  NITROALKANES  TO  PHENYL  VINYL  KETONE 


S.  S.  Novikov,  I.  S.  Korsakova,  and  N.  N.  Bulatova 
Moscow  Institute  of  Engineering  Physics 


In  continuation  of  our  study  of  the  addition  of  nitroalkanes  to  compounds  containing  an  activated  double  bond, 
we  set  out  to  clarify  the  laws  of  addition  to  phenyl  vinyl  ketone  of  various  nitroalkanes  differing  from  one  another 
in  respect  to  the  number  of  nitro  groups  and  labile  hydrogen  atoms.  It  could  be  assumed  that  addition  would  depend 
to  a  marked  extent  on  the  acidity  of  the  starting  nitroalkanes  and  that  the  presence  of  several  labile  hydrogen  atoms 
would  cause  the  reaction  to  take  one  of  the  following  possible  courses: 


H 

\ 

CellsCOCHr^CHa  +  H— CNO2— 


C6II5COCII2CH2NO2 
(C6II5COCH2CH2  )2CHN02 
(C„n5C0CH2CH2)3CN02 


The  addition  of  nitromethane,  nitroethane,  2-nitropropane,and  1,1-dinitroethane  to  various  a,  0 -unsaturated 
ketones  has  been  described  in  the  literature  [1~9];  these  studies  do  not,  however,  provide  the  answer  to  our  problem. 

Experiments  undertaken  with  phenyl  vinyl  ketone  showed  that  trinitromethane,  dinitromethane,and  1,1-dinitro¬ 
ethane  smoothly  add  on  to  phenyl  vinyl  ketone  at  room  temperature.  Addition  proceeds  with  especial  ease  in  the 
case  of  trinitromethane.  In  the  case  of  1,1-dinitroethane  the  addition  of  sodium  ethoxide  as  catalyst  to  the  reaction 
mixture  shortens  the  reaction  period  to  2  hr  (instead  of  24). 

Dinitromethane  and  nitroethane,  each  containing  two  labile  hydrogen  atoms,  can  combine  with  one  or  two 
molecules  of  ketone  to  form  a  monoketone  and  a  diketone  respectively.  At  room  temperature,  for  example,  dinitro¬ 
methane  easily  reacts  with  phenyl  vinyl  ketone  to  form  C5H5CC)CH2CH2CH(N02)2  with  a  dinitromethane  ketone 
molar  ratio  of  1: 1,  and  with  formation  of  the  diketone  (C5H5COCH2)2C(N02)2  with  a  dinitromethane  ketone  ratio  of 
1:2.  Using  the  same  molar  ratios,  two  products  of  addition  of  nitroethane  to  phenyl  vinyl  ketone  could  similarly  be 
obtained: 


/ 


H 


C0H5COCH2CH2G-NO2 

^CHa 


and 


(CoH.5COGH2CH2)2CNU2, 

I 

CH3 

although  catalytic  quantities  of  sodium  ethoxide  were  present  in  this  case. 


Nitromethane  easily  reacts  with  phenyl  vinyl  ketone  at  room  temperature  in  presence  of  sodium  ethoxide  to 
give  a  product  of  addition  at  two  labile  hydrogen  atoms,  i,e.,the  diketone  (C^5COCH2CH2)2CHN02  with  a  nitro¬ 
methane:  ketone  molar  ratio  of  1 :  1.  The  product  of  addition  of  nitromethane  to  phenyl  vinyl  ketone  at  one  labile 
hydrogen  atom  C5H5COCH2CH2CH2NO2  could  also  be  prepared  but  only  by  using  a  10 -fold  excess  of  nitromethane. 

No  special  experiments  aimed  at  clarifying  the  mechanism  of  addition  were  carried  out  in  this  work.  However; 
the  isolation  of  products  of  addition  at  one  labile  hydrogen  atom  of  a  nitroalkane  (dinitromethane,  nitroethane, or 
nitromethane)  shows  that  addition  is  apparently  a  stepwise  process.  With  nitroethane,  for  example,  it  may  be  re¬ 
presented  thus: 
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Products  of  Addition  of  Nitroalkanes  to  Phenyl  Vinyl  Ketone 
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Prepared  in  a  methanol  medium. 
*  Prepared  in  an  ethanol  medium. 


CoH5COCH=CFF2+Cn2N02  — ^  CoH6COCH2CH2CnN02 

I  I 

Clla  CHs 

HO, 

I 

CBHRCOCHaCHs— C— CH2CH2COC8H5. 

(Ihs 

EXPERIMENTAL 

Phenyl  vinyl  ketone  was  prepared  by  thermal  decomposition  In  vacuo  of  6 -dimethylaminopropiophenol  hydro¬ 
chloride  [10]  with  b.p.  83—84*  (7.5  mm);  literature:  b.p.  74—76*  (4  mm)  [10]  and  72—73*  (3  mm)  [11]. 

Addition  of  nitroalkanes  to  phenyl  vinyl  ketone  was  performed  in  a  flask  fitted  with  mechanical  sitrrer, 
condenser,  thermometer,  and  dropping  fimnel.  About  0.1  g  of  hydroquinone  was  added  to  die  reaction  mixture  as 
a  precaution  against  polymerization.  An  ethanol  solution  of  sodium  edioxide  (a  few  drops)  was  used  as  catalyst. 

The  reaction  conditions  and  the  properties  of  the  prepared  ketones  are  presented  in  the  table. 

SUMMARY 

L  The  addition  of  nitroalkanes  to  phenyl  vinyl  ketone  was  investigated. 

2.  It  was  shown  that  addition  of  nitroalkanes  to  the  a,  B -unsaturated  ketone  in  question  under  our  chosen 
conditions  proceeds  easily  with  formation  of  the  corresponding  addition  products.  Sodium  ethoxide  as  catalyst 
considerably  accelerates  the  reaction. 

3.  It  was  shown  that  nitroalkanes  containing  more  than  one  labile  hydrogen  atom  give  products  of  addition 
at  two  labile  hydrogen  atoms  when  the  nitroalkane  and  ketone  are  taken  in  the  appropriate  molar  ratios.  Such 
*double"  addition  products  were  obtained  with  nitromethane,  nitroethane,and  dinitromethane. 
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THERMAL  BREAKDOWN  OF  TETRAETHYLLEAD  AND  HEX  A  E  T  H  YLD  IP  LU  MB  A  N  E 


IN  THE  LIQUID  PHASE 

G.  A,  Razuvaev,  N.  S.  Vy azankin,  and  N.  N.  Vyshinskii 
Gorki!  State  University 


In  1929  Paneth  and  Hofeditz  [1]  demonstrated  the  formation  of  free  alkyl  radicals  by  thermal  decomposition 
of  tetraalkyl  derivatives  of  lead  in  the  gas  phase.  According  to  Paneth  [2]  the  breakdown  of  compounds  of  this  type, 
and  in  particular  of  tetraethyllead,  can  be  represented  by  the  equation 

(C2H5)4i’b  Pb  -f  4C2H5  •  (I) 


The  above  investigations  were  followed  by  widespread  utilization  of  thermal  breakdown  of  tetraethyllead  for 
study  of  the  properties  and  transformation  products  of  ethyl  radicals  in  the  gas  [3,  4]  and  liquid  [5,  6]  phases.  On 
±e  other  hand,  very  little  work  had  been  published  about  the  actual  mechanism  of  breakdown  of  tetraalkyl  compounds 
of  lead,  and  the  actual  process  of  thermal  breakdown  has  remained  obscure. 


We  know  tliat  lead  forms  a  series  of  less  alkylated  derivatives  (tri-  and  dialkyllead)  which  can  play  an  ex¬ 
tremely  important  part  in  the  reaction.  The  kinetics  of  thermal  breakdown  of  tetraethyllead  in  the  gas  phase  have 
been  studied  by  Leermakers  [7],  and  in  the  liquid  phase  by  Berlin  [8].  According  to  the  former  author,  thermal 
breakdown  is  a  homogeneous  monomolecular  reaction  with  E  =  36.9  kcal/mole.  Berlin  reports  more  complex  kinetic 
relations  in  the  breakdown  of  tetraethyllead  in  the  liquid  phase.  This  author  suggests  an  autocatalytic  process  with 
E  =  33.7  kcal/mole.  He  proposed  the  following  chain  mechanism  on  the  basis  of  the  character  of  the  kinetic  curves 
and  of  some  indirect  observations; 


Pb(C2U5)4  ^  Ph-  +  2C4II10 

4Pb(C2H5)4 Pb*  — >  ACglls* -f  2Pb  —chain  degeneration, 

Pb(C2ll5)4 -j- C2H5*  — *•  •Pb(C2H5)3  +  C4irio  )  *4,  f  .K  V.  » 

•  Pb(C2ll5).‘}  — >  Pb -j- C4HJ0 -|- C2ll5*  j 
•Pb(C2ll5)3-|- C2ll5*  — *•  Pb(C2lIr,)4  -chain  breakage. 

This  scheme,  however,  is  speculative  in  character  since  the  author  had  no  direct  evidence  of  its  validity. 
This  defect  has  also  been  noted  by  the  author  himself. 


Less  study  has  been  devoted  to  the  thermal  decomposition  of  hexaethyldiplumbane.  Only  one  type  of  break 
down  of  compounds  R8Pb2  (hexaethyldiplumbane  in  particular)  has  been  described  [9,  10]*. 


2(C2nr,)oPb2  — 3(C:2H5)4Pb  l>b. 


(ID 


Joint  decomposition  of  hexamethyl-  and  hexaethyldiplumbane  fll]  proceeds  without  evolution  of  gases,  which 
is  likewise  consistent  with  equation  (II).  The  possibility  of  decomposition  of  hexaethyldiplumbane  by  any  other 
mechanism  is  not  reported  in  the  literature.  As  far  as  we  know,  no  study  has  been  made  of  the  kinetics  of  this  process. 

It  is  therefore  evident  that  quite  inadequate  investigation  has  been  made  of  the  liquid -phase  thermal  decom¬ 
position  of  tetraethyl  lead  and  hexaethyldiplumbane.  This  is  also  true  of  the  majority  of  other  classes  of  organo- 
metallic  compounds.  At  the  same  time  this  process  is  undoubtedly  of  theoretical  interest,  and  also  of  practical 
interest  in  the  case  of  tetraethyl  lead. 
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EXPERIMENTAL 


A.  Procedure.  Thermal  decomposition  was  investigated  in  the  absence  of  atmospheric  oxygen.  Air  was 
removed  from  the  tetraethyllead  and  hexaethyldiplumbane  and  ampoules  were  filled  in  the  apparatus  sketched 
(Fig.  1). 

The  organolead  compound  was  put  into  section  A  and  the  apparatus  was  connected  to  a  vacuum  pump.  The 
material  In  A  was  frozen  with  liquid  nitrogen  in  the  case  of  tetraethyllead  and  its  solutions  in  isooctane  and  ot 
solutions  of  hexaethyldiplumbane  in  n-heptane,  and  the  whole  of  the  system  was  exhausted  to  high  vacuum.  With 
tap  C closed,  the  solution  was  then  thawed  and  again  frozen.  TapG  was  opened  and  the  apparatus  was  again  ex¬ 
hausted;  the  set  of  ampoules  was  then  sealed  off  at  the  zone  D.  The  material  in  section  A  was  uniformly  filled 
into  the  small  ampoules  and  die  lengths  of  tubing  connecting  them  to  the  large  ampoule  were  sealed  off.  Freez¬ 
ing  was  not  practised  in  the  case  of  hexaethyldiplumbane  which  has  an  extremely  low  vapor  tension. 

The  amount  of  substance  in  ampoules  B  was  determined 
by  weighing.  The  filled  ampoules  were  kept  for  a  certain  period 
in  a  thermostat;  their  contents  were  then  frozen  with  liquid  nitrogen. 
After  the  ampoules  had  been  opened  and  thawed,  the  reaction 
mixture  was  filtered  from  metallic  lead  and  analyzed  by  spectros¬ 
copy  and  polarography.  The  metallic  lead  was  repeatedly  washed 
with  ether  and  analyzed  by  the  molybdate  method. 

A  manometric  method  of  investigation  was  also  used  in  addi¬ 
tion  to  the  above  procedure.  For  this  purpose  the  ampoule  A  was 
attached  to  a  mercury  manometer  C  (Fig.  2). 

During  study  of  the  kinetics  of  the  initial  period  of  decom¬ 
position,  the  free  space  of  the  ampoule  was  small  (2.5— 4,0  ml); 
during  study  of  the  extensive  transformations  of  hexaethyldiplumbane 
the  free  space  was  m.ade  equal  to  300  ml.  In  both  of  the  cases  the 
ampoule  was  evacuated  ( ~  1  mm  nercury  column)  after  charging 
with  hexaethyldiplumbane,  and  the  ampoule  was  sealed.  During 
an  experiment  the  apparatus  was  completely  immersed  in  the 
thermostatting  liquid. 

Apart  from  observations  of  the  vapor  pressure  rise  in  the 
ampoule,  far-reaching  transform.ations  of  hexaethyldiplumbane 
were  studied  by  determination  (at  the  end  of  an  experiment)  of  the 
quantity  of  precipitated  lead  and  of  the  composition  of  the  gas 
mixture. 

B.  Purification  and  synthesis  of  starting  compounds.  Tetraethyllead.  A  technical  product  was  purified  by 
distillation  with  steam  and  subsequent  treatment  with  sulfuric  acid  fl21,  water,  sodium  hydroxide  solution,  and 
water.  The  dried  material  was  repeatedly  fractionated  in  vacuo  in  a  hydrogen  stream: 

B.p.  82”  (13  mm).  n“  1.5214. 

Literature  [  10]:  b.p.  78"  (10  mm),  n^  1.5195. 

The  lead  content  of  the  preparation  was  99.81*70  of  the  theoretical;  the  content  of  hexaethyldiplumbane  was 
less  than  0.05*70  (determined  by  polarography).  The  spectrophotometric  curve  of  absorption  of  tetraethyllead  (D  = 
f  (X),  d  =  0.020  mm)  is  shown  in  Fig.  3,  curve  1. 

Hexaethyldiplumbane.  It  was  synthesized  by  a  modification  of  Hein's  method  [13].  7  g  of  triethyllead  chloride 
was  dissolved  in  50  ml  of  2.5  N  potassium  hydroxide  solution.  To  the  solution  was  added  1.5  g  of  aluminum  powder. 
The  mixture  was  held  for  20  hr  at  15—18",  after  which  the  hexaethyldiplumbane  was  separated  from  the  aqueous 
layer  and  quickly  filtered  through  a  paper  filter  into  section  A  of  the  apparatus  shown  in  Fig.  1.  Here  it  was  freed 
of  oxygen  of  the  air  and  dried  with  sodium  sulfate  in  the  course  of  24  hr.  The  dried  material  was  transferred  to  the 
small  ampoules  B  .  This  preparation  of  hexaethyldiplumbane  was  stable  for  5—6  days  in  the  absence  of  atmospheric 
oxygen  and  light.  Yield, quantitative:  dj*  1.9473.  The  lead  content  of  the  preparation  was  98.47o  of  the  theoretical. 


Fig.  1.  Apparatus  for  removing  free 
oxygen  from  substances. 
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The  spectrophotometric  curve  of  optical  density  versus  wavelength  of  light  absorbed  at  a  layer  thickness  of  0.020 
mm  is  plotted  in  Fig.  3,  curve  3.  This  shows  that  the  absorption  curve  of  hexaethyldiplumbane  is  considerably 
shifted  towards  the  long-wave  region  so  that  the  compound  has  a  yellow  color. 

Solution  of  diethyllead  in  hexaethyldiplumbane.  •  This  was  prepared  on  the  same  lines  as  the  previous 
product.  7. 1  g  of  dichlorodiethyllead  was  dissolved  in  50  ml  of  2. 5  N  potassium  hydroxide  solution.  To  the  solution 
was  added  1.5— 2.0  g  of  aluminum  powder  without  external  cooling  of  the  reaction  vessel  with  water.  After  5—7 
minutes  of  violent  reaction,  the  mixture  was  quickly  transferred  to  a  separating  funnel  externally  cooled  with  ice- 
water.  The  bright-red  liquid  was  separated  from  the  water  layer  and  filtered  into  an  ampoule  in  which  a  high 
vacuum  was  quickly  established.  Yield  27.8  g  of  the  theoretical,  dj*  1.9653. 

Found  <70:  Pb  71.48,  71.77.  (C2H5)^b2.  Calculated ‘7o:  Pb  70.39.  (C2H5)2Pb.  Pb  78.09. 


Fig.  2.  Apparatus  for  in¬ 
vestigation  of  the  kinetics 
of  thermal  decomposition 
of  hexaethyldiplumbane  by 
the  manometric  method. 


The  optical  data  of  the  synthesized  product  differ  from  those  of 
hexaethyldiplumbane;  it  is  characterized  by  still  greater  light  absorption 
in  the  blue,  dark-blue,and  violet  regions  of  the  spectrum  (Fig,  3,6);  this 
behavior  determines  its  characteristic  color. 


Fig.  3.  Spectrophotometric  absorption 
curves. 


1)  tetraethyllead;  2)  tetraethyllead  which 
had  been  partially  decomposed  (25  min  at 
115*);  3)  hexaethyldiplumbane;  4)n-hexa- 
ethyldiplumbane  after  partial  decomposition 
(50  min  at  85");  5)  the  same  after  10  min 
at  105";  6)  solution  of  diethyllead  in  hexa¬ 
ethyldiplumbane. 


The  product  is  stable  at  the  temperature  of  liquid  nitrogen.  At  room  temperature,  in  the  absence  of  oxygen 
of  the  air,  metallic  lead  is  deposited  and  gaseous  products  are  evolved  within  10—15  min  after  synthesis  (or  unfreez¬ 
ing);  in  the  course  of  the  breakdown  the  physical  properties—  in  particular  the  spectrophotometric  characteristics  — 
gradually  approach  those  of  pure  hexaethyldiplumbane.  The  result  is  that  after  24  hr  (from  the  start  of  decomposition) 
the  substance  is  transformed  into  a  liquid  hardly  distinguishable  from  hexaethyldiplumbane. 


DISCUSSION  OF  RESULTS 

Kinetics  of  breakdown  of  tetraethyllead  and  of  its  solutions  in  isooctane.  Data  for  the  kinetics  of  thermal 
breakdown  of  tetraethyllead  in  the  absence  of  solvents  are  plotted  in  Fig,  4.  The  progress  of  decomposition  was 
followed  by  determination  of  the  metallic  lead  formed. 

Figure  4  shows  that  the  decomposition  of  tetraethyllead  at  the  start  of  the  process  can  formally  be  regarded  as 
a  zero  order  reaction.  Only  after  fairly  considerable  transformation  (30— 35*70)  is  a  fall  in  reaction  rate  observed, 
and  this  can  be  attributed  both  to  a  fall  in  the  quantity  of  tetraethyllead  undergoing  decomposition  and  to  a 
considerable  accumulation  of  the  product  of  decomposition. 


*R.  F.  Galiulina  took  part  in  the  work. 


3623 


We  can  therefore  calculate  the  velocity  constants  of  the  reaction  with  the  help  of  the  equation  K  =  l/t(C(,  -  C), 
where  f  is  the  time  in  seconds  and  Co  -  C  is  the  quantity  (moles)  of  tetraethyllead  decomposed  after  time  u 

The  dependence  of  log  K  on  1/T  is  plotted  in  Fig.  5.  The  activation  energy  of  the  over -all  process,  on  the 
basis  of  Fig.  5,  is  35.4  kcal/mole. 


Fig.  4,  Kinetic  curves  of  thermal  break-  Fig.  5.  Log  K  as  a  function  of  1/T. 

down  of  tetraethyllead  at  various  tempera¬ 
tures. 


I)  105",  II)  IIS’,  III)  125",  IV)  135*. 

As  noted  above,  simultaneous  investigation  of  the  liquid  fraction  was  carried  out  while  the  quantity  of  pre¬ 
cipitated  lead  was  being  determined.  One  of  the  products  of  decomposition  of  tetraethyllead  was  identified  as 
hex  aethyld  iplumb  ane. 

Since  the  formation  of  hexaethyldiplumbane  has  not  been  reported  in  the  literature,  die  presence  of  this 
compound  in  the  reaction  mixture  was  ccwifirmed  by  three  independent  methods:  by  the  spectroscopic  method  of 
N.  K.  Rudnevskii  and  N.  N.  Vyshinskiij  by  the  polarographic  method  [14]j  and  by  titration  of  the  hexaethyldiplumbane 
with  a  solution  of  potassium  permanganate  in  acetone  under  conditions  such  that  tetraethyllead  is  not  oxidized. 

Figure  6  contains  plots  of  the  amount  of  hexaethyldiplumbane  In  the  residues  of  undecomposed  tetraethyllead. 
These  results  are  based  on  spectral  and  polarographic  analyses.  * 

The  two  methods  give  a  similar  picture  of  the  change  of  concentration  of  hexaethyldiplumbane  in  the  course 
of  breakdown  of  tetraethyllead.  At  the  same  time  the  spectral  method  gives  results  which  are  systematically  too 
low.  It  will  be  shown  below  that  this  deviation  may  be  attributed  to  the  presence  in  the  reaction  mixture  of  small 
quantities  of  diethyllead  side  by  side  with  the  hexaethyldiplumbane.  A  comparison  of  the  curves  in  Figs.  4  and  6 
justifies  the  conclusion  that  hexaethyldiplumbane  is  an  intermediate  and  not  a  secondary  product  of  decomposition. 

The  initial  phases  of  thermal  breakdown  of  solutions  of  tetraethyllead  in  isooctane  can  similarly  be  regarded 
as  a  zero  order  reaction  (Fig.  7)  if  the  progress  of  the  reaction  is  checked  by  determinations  of  the  metallic  lead 
precipitated.  The  dependence  of  log  K  on  1/T  for  this  case  is  plotted  in  Fig.  8.  On  the  basis  of  these  results  the 
velocity  constant  of  the  reaction  can  be  expressed  by 

“*3o200 

K=2.4ai0“e  RT  . 

Kinetics  of  decomposition  of  hexaethyldiplumbane  and  its  solutions  in  n-heptane.  As  already  noted,  the 
mechanism  described  in  the  literature  for  the  breakdown  of  hexaethyldiplumbane  (II)  does  not  allow  for  the  for¬ 
mation  of  gaseous  products.  We  were  unable  to  confirm  this  mechanism  in  our  experiments  with  hexaethyldiplumbane 
or  its  solutions  in  n-heptane.  In  both  of  the  cases  decomposition  followed  another  route: 

(CallrJol’l),  (C.,ll.,)4pb  -h  rb  +  2C2II5  •  (III) 

•L.  N.  Vertyulina  determined  hexaethyldiplumbane  in  tetraethyllead  by  the  polarographic  method. 
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Decomposition  of  hexaethyldiplumbane  in  the  absence  of  solvent,  for  example,  was  invariably  accompanied 
by  formation  of  a  gas;  this  behavior  enabled  us  to  check  the  progress  of  decomposition  by  the  manometric  method 
(Fig.  9).  It  was  established  that  separation  of  1  g-atom  of  metallic  lead  is  accompanied  by  formation  of  1.60  — 

1.75  mole  of  a  gaseous  mixture  of  the  following  percentage  composition:  ethane  54.02,  55.68;  ethylene  43.05, 
41.63;  butane  2.93,  2.69. 

The  gas  was  analyzed  by  gas  chromatography.  The 
composition  of  the  gas  mixture  is  evidence  that  breakdown 
of  hexaethyldiplumbane  is  accompanied  by  release  of 
ethyl  radicals  whose  products  of  disproportionation  are 
ethane  and  ethylene.  Further  experiments  are  needed  in 
order  to  account  for  the  ethane  content  being  a  little 
higher  than  that  of  ethylene. 

Less  characteristic  of  the  process  in  question  is  the 
dimerization  of  ethyl  radicals  to  n-butane. 

•  Finally,  it  is  evident  from  the  ratio  of  the  quanti¬ 
ties  of  metallic  lead  and  gases  that  gas  formation  is  not  a 
secondary  step;  consequently  the  hexaethyldiplumbane  is 
decomposed  in  accordance  with  equation  (III). 

Equation  (III)  is  also  valid  for  the  decomposition  of 
hexaethyldiplumbane  when  in  solution  in  n-heptane  (Fig.  10). 

In  this  case,  the  process  was  followed  by  two  methods: 
by  spectroscopic  determination  of  the  percent  transforma¬ 
tion  of  hexaethyldiplumbane  (curves  I— VI)  and  by  chemi¬ 
cal  determination  of  the  metallic  lead  (curves  1—6).  It 
is  evident  from  Fig.  10  that  the  hexaethyldiplumbane  is  substantially  all  converted  into  tetraethyllead  at  the  point 
when  of  the  lead  has  separated  as  metal.  This  observation  is  consistent  with  equation  (III)  and  contradicts 
equation  (II).  It  does  not  follow  from  what  has  been  said,  however,  that  we  deny  the  possibility  of  breakdown  of 
hexaethyldiplumbane  in  accordance  with  equation  (II).  The  linear  character  of  the  kinetic  curves  (Fig,  10)  suggests 
a  zero  order  reaction  for  the  decomposition  of  hexaethyldiplumbane,  in  parrtcular,in  the  initial  stages.  Since  the 
breakdown  was  checked  by  two  independent  methods,  the  velocity  constant  could  be  calculated  by  two  routes,  and 
consequently  the  activation  energy  of  the  over-all  reaction  likewise.  Two  forms  of  the  depencence  of  log  K  on  1/T 
are  therefore  plotted  in  Fig.  11. 


Fig.  6.  Change  of  concentration  of  hexa¬ 
ethyldiplumbane  in  tetraethyllead  (in  wt.%) 
during  thermal  decomposition  of  tetraethyl¬ 
lead  at  various  temperatures. 

1)  105*;  2  and  6)  115';  3)  125*;  4  and  5) 
135*.  Curves  1—4  are  plotted  from  polaro- 
graphic  data,  curves  5  and  6  are  based  on 
spectroscopic  data. 


Time  (hours) 


Fig.  7.  Kinetic  curves  of  thermal  breakdown  of  a 
0. 3232  molar  solution  of  tetraethyllead  in  isooctane 
at  various  temperatures. 

1)  148. 7* ;  2)  160”,  3)  165”,  4)  170”. 


Fig.  8,  Log  K  as  a  function  of  1/T, 
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On  the  basis  of  the  data  ohtained,  we  can  express  the  velocity  constant  by  the  expression  K  =  5.89  X  10^®  X  e  RT 

if  the  calculation  is  based  on  the  spectroscopic  investigation  of  the  lowering  of  the  concentration  of  hexaethyl- 

2800 

diplumbane  in  the  course  of  decomposition,  and  by  K  =  2.44  XlO^®  X  e  RT  if  K  is  calculated  on  the  basis  of 
the  speed  of  accumulation  of  metallic  lead. 

Since  we  had  established  that  hexaethyldiplumbane  is  formed  in  the  course  of  breakdown  of  tetraethyllead , 
it  seemed  probable  that  hexaethyldiplumbane  in  turn  could  break  downtwith  intermediate  formation  of  less  alkylated 
organolead  comoounds.  In  order  to  test  this  hypothesis,  we  studied  the  kinetics  of  thermal  decomposition  of  hexa¬ 
ethyldiplumbane  in  the  absence  of  solvents  in  the  70—125"  temperature  range  (Figs.  9  and  12).  At  the  same  time 
the  change  in  optical  density  of  the  hexaethyldiplumbane  during  its  decomposition  was  measured  at  70,  85,and  105" 
(Fig.  13).  The  data  obtained  from  these  experiments  led  to  the  conclusion  that  one  of  the  intermediate  products 
of  decomoosition  of  hexaethyldiplumbane  is  diethyllead.  One  fact  in  support  of  this  conclusion  is  the  red  color, 
characteristic  of  diethyllead,  which  is  developed  on  partial  decomposition  of  hexaethyldiplumbane.  We  made  a 
similar  observation  when  tetraethyllead  was  partially  de¬ 
composed  (in  this  case  the  reaction  mixture  acquired  the  j) 

lemon-yellow  color  of  hexaethyldiplumbane).  The  spectral 
data  also  lend  support  to  the  theory  of  intermediate  forma¬ 
tion  of  diethyllead. 

Figiure  3  shows  the  spectrophotometric  absorption  curves 
of  pure  tetraethyllead,  of  hexaethyldiplumbane, and  of  the 
solution  of  diethyllead  in  hexaetliyldiplumbane  that  we 
prepared.  On  the  same  diagram  are  also  plotted  the  ab¬ 
sorption  curves  of  tetraethyllead  and  hexaethyldiplumbane 
which  had  been  subjected  to  partial  thermal  decomposition. 

We  see  from  the  diagram  diatr-after  thermal  break¬ 
down  tetraetliyllead  has  a  greater  optical  density  in  the 
corresponding  spectral  region  than  the  starting  product,  and 
a  lower  optical  density  than  hexaethyldiplumbane.  We  can 
therefore  conclude  that  hexaethyldiplumbane  is  one  of  the 
products  of  thermal  decomposition  of  tetraethyllead.  It  has 
already  been  noted  that  this  conclusion  was  supported  by 
chemical  and  polarographic  evidence. 

We  also  see  from  Fig.  3  that  hexaethyldiplumbane, 
after  partial  decomposition , occupies  in  respect  to  it.s  spcctro- 
piiotometric  characteristics  a  position  intermediate  between 
pure  hexaethyldiplumbane  and  the  solution  of  diethyllead 
in  hexaethyldiplumbane  that  we  synthesized.  It  is  logical 
to  attribute  this  to  the  formation  of  a  compound  with  a 
stronger  light  absorption  (in  this  instance  diethyllead)  during 
thermal  decomposition  of  hexaethyldiplumbane.  Indeed,  if 
decomposition  had  occurred  without  intermediate  formation 
of  diethyllead,  then  in  the  initial  stages  of  decomposition 
we  should  have  observed  not  an  increase  but  a  decrease  of 
optical  density  due  to  dilution  of  the  hexaethyldiplumbane 
by  the  tetraethyllead  formed.  In  spite  of  numerous  attempts, 
we  did  not  succeed  in  synthesizing  pure  diethyllead.  It  was 
therefore  impossible  to  develop  a  method  of  quantitative 
determination  of  this  substance  in  solutions.  At  the  same 

time,  the  change  of  its  amount  in  course  of  breakdown  of  . .  ,  ,  ,  . 

Fig.  10.  Kmeticsofthermaldecomposi- 

hexaethyldrplumbane  can  be  qualitatively  evaluated  from  .  ,  ,  r  u 

^  ,  r  .  ,  ,  .  r  ,  .  ..  tionofa  0.1385-molarsolutionofhexa- 

the  change  of  optical  density  of  the  reaction  medium  ,  ,  ,  .  . 

®  ^  ethyldiplumbane  in  n-heptane. 

^  1  and  I  105";  2  and  II  110";  3  and  III  115"; 

4  and  IV  120";  5  and  V  125";  6  and  VI  130" 

I— VI  are  *70  transformations  of  (C2H5)4Pb2; 

1—6  are  <^0  Pb  separated. 
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Fig.  9.  Kinetics  of  initial  decomposi¬ 
tion  of  hexaethyldiplumbane  (up  to  the 
stage  of  0.5°^  transformation >. 

1)  rise  of  pressure  at  70" ;  2)  rise  of 
pressure  at  85";  3)  change  of  optical 
density  (D)  of  hexaethyldiplumbane, 

X  400  mp ,  do. 020  mm  at  70". 
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Fig.  11.  Log  K  versus  1/T. 

1)  based  on  spectral  analysis. 

2)  based  on  chemical  analysis. 

The  curves  of  Fig.  13  are  consequently  consistent 
with  the  data  represented  in  Fig.  6  for  the  change  of  con¬ 
centration  of  hexaethyldiplumbane  during  thermal  de¬ 
composition  of  tetraethyllead. 

The  similarity  in  character  of  the  curves  (presence 
of  maxima,  shift  of  the  maxima  to  the  coordinate  axes  with 
rise  of  temperature,  etc.)  is  additional  evidence  of  the 
correctness  of  our  ideas  about  intermediate  formation  of 
dlethyllead  during  breakdown  of  hexaethyldiplumbane. 

The  possibility  of  qualitative  evaluation  of  the  build¬ 
up  of  dlethyllead  by  spectral  analysis  enables  us  to  draw 
certain  conclusions  about  the  processes  taking  place  in  the 
initial  stage  of  decomposition  of  hexaethyldiplumbane. 


Time  (min) 

Fig.  12.  Kinetic  curves  of  the  decomposi¬ 
tion  of  hexaethyldiplumbane  at  various 
temperatures. 

1)  95*,  2)  105’,  3)  115’,  4)  125*. 


Fig.  13.  Curves  of  change  of  optical 
density  (D)  of  hexaethyldiplumbane 
during  its  decomposition  (wavelength 
400  mp,  thickness  of  absorbing  layer 
0.020  mm). 

I)at70*,  2)  at  85*,  3)  at  105*. 


As  we  see  from  Fig,  9,  the  decomposition  of  this  pro¬ 
duct  at  certain  temperatures,  in  particular  at  70*  (curve  1), 
has  a  well-marked  induction  period.  Curve  2  shows,  more¬ 
over,  that  during  the  induction  period  there  is  a  consider¬ 
able  increase  in  the  optical  density  of  hexaethyldiplumbane, 
and  consequently  an  increase  in  its  content  of  dlethyllead. 

It  can  therefore  be  expected  that  the  addition  of  dlethyllead  to  hexaethyldiplumbane  would  shorten  the  induction 
period.  This  assumption  is  supported  by  the  fact  that  our  syndiesized  solutions  of  dlethyllead  in  hexaethyldiplum¬ 
bane  are  extremely  unstable,  whereas  pure  hexaethyldiplumbane  does  not  break  down  at  room  temperature  in  the 
course  of  several  days. 

The  experimental  material  set  forth  in  this  this  paper  shows  that  the  breakdown  of  tetraethyllead  and  of 
hexaethyldiplumbane  has  a  complex  mechanism. 

On  the  other  hand  we  must  agree  with  Berlin  [8]  in  his  statement  that  the  sharp  change  in  velocity  of  de¬ 
composition  of  tetraethyllead  after  trace  quantities  of  a  series  of  other  substances  had  been  added  testifies  to  a  chain 
reaction. 

Since  one  of  the  intermediate  products  of  breakdown  of  tetraethyllead  is  hexaethyldiplumbane,  we  must 
assume  that  the  primary  breakdown  step  is  detachment  of  one  C2H5  group  with  formation  of  a  (C2H5)3Pb  radical. 


(C2ll5)4Pb  (C2H5)3Pb  •  +C2H5  . 

In  this  case  hexaethyldiplumbane  can  be  formed  by  growing  chains: 

(^^2115)31*13.+  (C2ir-,)4l*b  _>  (C2H5)3Pb-l’b(C2H5)3  +  C2ll; 


(IV) 


(V) 
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and  by  chain  breakage; 


-(C, 1 1,.),  1*1)  . 


(Co  1 1 '1.  l•l){C2^r,);^ 


(VI) 


In  the  preceding  section  it  was  shown  that  breakdown  of  hexaethyldiplumbane  goes  in  accordance  with 
equation  (III),  i.e.  with  release  of  gases. 

On  the  other  hand, we  have  a  sufficient  amount  of  experimental  material  in  support  of  the  fact  that  diethyl- 
lead  is  an  intermediate  in  the  breakdown  of  hexaethyldiplumbane. 

Consequently,  the  breakdown  of  hexaethyldiplumbane  is  more  correctly  represented  not  by  equation  (III)  but 
by  a  combination  of  the  following  equations: 

(CzlIshl’b-PbfCall.r,).-,  ^  (C2Hr.)2  (VII) 

l’b(C2n5)2  —>►  l*b  4  2C2II5  • 

Since  a  comprehensive  study  of  the  subsequent  fate  of  the  ethyl  radicals  or  a  study  of  the  processes  bound  up 
with  the  appearance  of  a  fresh  phase  (metallic  lead)  was  outside  the  scope  of  the  present  work,  the  authors  do  not 
by  any  means  claim  to  have  given  the  full  details  of  the  thermal  decomposition  of  tetraethyllead  and  hexaethyl¬ 
diplumbane  by  a  chain  mechanism.  However,  such  schemes  should  evidently  take  equations  (IV)  to  (VIII)  into 
consideration.  In  other  words,  we  can  assume  gradual  detachment  of  ethyl  radicals  from  the  decomposing  molecule 
with  Intermediate  formation  of  hexaethyldiplumbane  and  diethyllead  (compounds  in  which  the  lead  is  not  in  Its 
maximum  valency  form). 

The  foregoing  investigation  and  the  literature  data  also  show  that  tetraethyllead,  hexaethyldiplumbanetand 
diethyllead  are  capable  of  undergoing  reciprocal  transformations. 

This  behavior  is  largely  responsible  for  the  very  great  difficulties  of  isolation  of  the  pure  substances. 

It  was  shown  above  that  repeated  fractionation  does  not  free  tetraethyllead  of  traces  of  hexaethyldiplumbane, 
and  this  is  not  surprisingtsince  the  former  changes  into  the  latter  at  higher  temperatures.  Even  greater  difficulties 
arise  in  attempts  to  prepare  pure  hexaethyldiplumbane  or  to  estimate  its  purity. 

We  know  that  hexaethyldiplumbane  [14]  and  triethyllead  chloride  [15]  are  reduced  by  nascent  hydrogen.  On 
the  other  hand,  Hein's  [13]  synthesis  of  hexaethyldiplumbane  takes  place  in  a  reducing  medium,  due  to  which  a 
secondary  product  Is  usually  metallic  lead.  The  possibility  of  formation  of  other  reduction  products,  in  particular 
diethyllead,  cannot  be  ruled  out.  This  would  account  for  the  reddish  tint  of  hexaethyldiplumbane  at  the  start  of 
synthesis  and  for  the  high  optical  density.  On  heating  (Hein’s  procedure)  or  on  maintenance  at  room  temperature, 
metallic  lead  comes  down  and  the  optical  density  falls.  Consequently  the  hexaethyldiplumbane  synthesized  by 
Hein’s  method  evidently  always  contains  some  tetraethyllead  and  diethyllead,  and  at  present  there  is  no  sort  of 
criterion  for  the  accurate  determination  of  the  composition  of  this  mixture. 

Similar  difficulties  arise  in  the  study  of  solutions  of  diethyllead  in  hexaethyldiplumbane. 

SUMMARY 

1.  The  kinetics  of  liquid-phase  thermal  decomposition  of  tetraethyllead  and  of  its  solutions  in  isooctane 
were  studied  in  the  105—170*  temperature  range. 

2.  It  was  shown  that  tetraethyllead  decomposes  with  gradual  detachment  of  ethyl  radicals  from  the  de¬ 
composing  molqcule  and  with  intermediate  formation  of  less  alkylated  compounds— hexaethyldiplumbane  and 
diethyllead. 

3.  A  study  was  made  of  the  kinetics  o'  thermal  decomposition  of  hexaethyldiplumbane  in  n-heptane  and 
also  in  the  absence  of  solvent. 

4.  It  was  established  that  apart  from  the  disproportionation  reaction  noted  in  the  literature: 

2(C2ll5)oI’b2  3(C2H5)4l’b  +  Pb, 

hexaethyldiplumbane  also  undergoes  the  following  characteristic  breakdown  reaction: 

(C2»5)oPb2  (C2n5)4Pb  +  Pb  +  202116  ’ 
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The  gaseous  products  were  investigated  and  some  facts  were  adduced  that  demonstrated  the  formation  of 
diethyllead  as  an  intermediate  in  this  reaction. 

5.  A  procedure  was  developed  for  estimation  of  the  change  of  concentrations  of  intermediate  products 
(hexaethyldiplumbane  and  diethyllead)  during  liquid 'phase  decomposition  of  tetraethyllead  and  hexaethyldiplum- 
bane. 
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LIQUID-PHASE  AUTOOXIDATION  OF  TRIISOPROPYLBENZENES 

R.  N.  Volkov  and  S.  V.  Zavgorodnii 
Voronezh  State  University 


Triisopropylbenzene  hydroperoxides  are  good  initiators  of  emulsion  polymerization  [1]  and,  like  cumene 
hydroperoxide,  can  be  converted  to  phenols,  ketones,  alcohols,  and  propenyl  derivatives  according  to  the  scheme: 


n+ 


I - >  CeH3(C3n7)8_»(OH),  +  n(CH3)2CO 


C,H3(C3H7)3^(C3H600H), 

«  =  1,  2  or  s 


Fe+  + 


- >  C0H3(C3H7)3_b(COCII3)„  -j-  nCH30H 


SO,- 


Zrl"  QHs(C3H7)3_ji(C3HjOH)»  — *■  C8H3(C3H7)3_,(C3H5)b. 


There  is  only  one  original  investigation  [2]  on  the  synthesis  of  the  stated  hydroperoxides,  although  triisopropyl¬ 
benzenes  are  obtained  in  good  yields  by  alkylating  diisopropylbenzenes—  byproducts  of  cumene  production. 

The  autoxidatlon  of  1,2,4- triisopropylbenzene  (I)  and  1,3,5-triisopropylbenzene  (11)  was  studied  in  the 
present  work.  It  was  found  that  (I)  is  oxidized  by  atmospheric  oxygen.in  the  presence  of  manganese  resinate  and 
soda  at  110*,to  a  maximum  concentration  of  hydroperoxide  in  the  solution  equal  to  53%.  In  this  case  only  the 
isolated  isopropyl  group  is  oxidized,  whereas  the  other  two  groups,  which  are  adjacent  to  each  other,  hinder  each 
other  and  practically  are  not  oxidized.  As  a  result,  only  monohydroperoxide  (A)  is  formed. 


CH(CH3)2 

I 

/N-CH(CH3)a 


CH3.  I 

^C-OOH  (A) 


cuy 


For  these  reasons  we  were  unable  to  oxidize  1, 2,4,5- tetraisopropylbenzene  to  the  corresponding  hydroperoxide. 

The  autooxidation  of(II)  was  studied  by  Seidel  et  al.  [2].  The  authors  found  that  in  the  liquid  phase  in  the 
presence  of  alkali,  (H)  is  oxidized  by  atmospheric  oxygen  to  the  extent  of  51%  in  64  hours,  whereas  in  emulsion 
form  it  is  oxidized  to  the  extent  of  150-186%  in  72  hours.  By  the  extent  of  oxidation  is  meant  the  molar  percentage 
of  oxygen  absorbed  by  the  hydrocarbon. 

We  studied  the  autooxidation  ofi;iI)  under  different  conditions.  It  was  found  that  in  the  presence  of  manganese 
resinate  and  soda /II)  is  oxidized  exceptionally  vigorously  by  atmospheric  air.  The  average  initial  rate  amounts 
to  20-30%  hydroperoxides  per  hour.  Thus  in  the  oxidation  of  1  mole  of  (II)  in  the  presence  of  15  mg  of  manganese 
resinate  and  3  g  of  soda  at  110*,  with  an  air  feed  rate  of  1.5  liter^  minute,  the  extent  ofartooxidatlonofthe  first 
3  hours  is  93%,  and  after  10  hours,  196%;  such  a  rate  of  autoxidation  is  not  recorded  for  a  single  alkylbenzene. 

In  this  case  a  mixture  of  1,3, 5- triisopropylbenzene  mono-,  di-,  and  trihydroperoxides  is  formed  according  to  the 
scheme: 
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CH(CH3)2 

I 

Z/'- 


(CH3)2CH- 


O. 


CH 


-CH(CH3)2  (CH3)2CH-L  ;!-CH(CH3)2 


C-OOII 


CHa 


(CH3)2CH 


OOH 

A 

XH3  ix 

-AoOH  HOO-i 


CHav 

>G— OOH 


>Z 


^CHa 


HOO- 

CHs' 


yCHs 

-C—OOH 


A  peroxide  and  tertiary  alcohols  are  obtained  as  by-products. 

For  an  extent  of  oxidation  up  to  150%  there  are 
practically  no  byproducts  in  the  reaction  mass  (values 
of  the  extent  of  oxidation,  determined  iodometrically 
and  by  the  amount  of  tertiary  alcohols  formed,  agree 
closely).  From  a  mixture  in  which  the  extent  of 
oxidation  of  (II)  is  145%,  di-  and  trihydroperoxides 
may  be  isolated;  the  residue,  which  has  a  hydro¬ 
peroxide  concentration  of  79%,  is  reoxidized.  In  this 
case  the  extent  of  oxidation  reaches  101,  122,  and 
147%  after  2,  4,  and  7  hours,  respectively.  To  obtain 
increased  yields  of  the  trihydroperoxide,  it  is  expedient 
to  interrupt  the  autoxidation  when  its  extent  is  150-160%, 
to  isolate  the  trihydroperoxide  from  the  reaction  mass, 
and  to  subject  the  remaining  mixture  again  to  auto¬ 
oxidation. 

The  course  of  autooxidation  o^II)  for  the  most 
characteristic  cases  is  shown  in  the  diagram. 

EXPERIMENTAL 

1.2.4- Triisopropylbenzene  (I)  was  prepared  by 
alkylating  p- diisopropylbenzene  with  propylene  in  the 
presence  of  H8P04*  BFs  [3].  Before  oxidation  it  was 
treated  with  concentrated  sulfuric  acid,  passed  through 
”KIL"  clay,  washed  with  water  and  alkali,  and  distilled 
over  sodium:  b.  p.  238-239*,  n^*®  1.4914,  dj®0,8618. 

1.3.5-  Triisopropylbenzene  (li)  was  prepared  in 
practically  quantitative  yield  by  alkylating  diisopropyl¬ 
benzene  with  propylene  in  the  presence  of  10  mol  %  of  aluminum  chloride  at  65-70*.  The  product,  distilled 
through  a  25- plate  column,  had  high  purity:  it  did  not  contain  the  1,2,4- isomer,  since  on  nitration  it  was  con¬ 
verted  to  2-nltro-l,3,5-ttiisopropylbenzene,  m.  p.  75*,  corresponding  to  literature  data  [4],  in  98%  yield  (1,2,4- 
triisopropylbenzene  gives  a  liquid  inononitro  derivative).  The  product  having  b.  p,  236-236.5*,  np®*  1.4880, 
d4**  0,8550,  was  used  without  further  puriftcation. 

Autooxidation  of(I).  Into  a  glass  column  with  a  sealed- in  air- jet  ^Schott  filter),  provided  with  an  effi¬ 
cient  coil  condenser  and  situated  in  an  oil  thermostat,  were  placed  (I)  and  either  soda  or  sodium  hydroxide. 

The  mixture  was  heated  to  a  certain  temperature,  and  air  was  passed  through  at  a  given  rate  until  l-6‘!t>  of  the 
hydroperoxide  was  formed;  manganese  resinate  was  then  added  to  the  hot  mixture  and  autooxidation  continued 
under  these  conditions  until  the  hydroperoxide  concentration  decreased.  The  course  of  the  oxidation  was 
followed  iodometrically. 


Course  of  autooxidation  of  1,3,5-triiso¬ 
propylbenzene.  I)  Twenty  mg/  mole  of 
manganese  resinate,  5  g/  mole  of  soda, 
air  feed  rate  2  liters/  minute,  temperature 
120*;  n)  5  mg/  mole  of  manganese  resi¬ 
nate,  3  g/  mole  of  soda,  air  feed  rate  1- 
1,5  liters/  minute,  temperature  110*j  III) 
3  mg/  mole  of  manganese  resinate,  2  g/ 
mole  of  soda,  air  feed  rate  1-1.5  liters/ 
minute,  temperature  110*  (in  the  segment 
forming  a  discontinuity  in  the  curve,  air 
was  supplied  at  a  rate  of  0,2- 0.3  liter/ 
minute). 


Data  of  the  most  characteristic  experiments  are  given  in  Table  1. 
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TABLE  1 

Autooxidation  of  1,2 ,4- Triisopropylbenzene 


Taken  per  mole 
of  hydrocarbon 


mangan¬ 
ese  resi- 
nate  5n 


natei 


6 

H 

0 

10 

10 

10 

15 


soda  (in  ^ 


1.1* 

1.0 

1.0** 

1.2 

3.0 

4.0 

2.0 


Air  feed 
rate 

(liters 


Temp. 


12 

20 

.30 

(iO 

00 

100 

120 


85° 

100 

110 

110 

110 

no 

no 


Oxidation  in 
rtie^  presence  oj" 


time 

(hr) 


yield  of 
nydroper- 
oxide 
(in  °lo) 


15 

10 

3 

10 


Final 


time 

(hours) 


20 

25 

27 

11 

40 

12 

13 


•Sodium  hydroxide  was  used. 

•  •The  hydrocarbon  was  not  treated  with  sulfuric  acid. 

TABLE  2 

Autooxidation  of  1,3 ,5- Triisopropylbenzene 


optimum 
yield  of 
hydroper¬ 
oxide  (in  %) 


24 

49 
48 

50 
32 
38 
53 


Taken  per  mole 
of  hydrocarbon 

Air  feed 

rate 

(liters/ hr) 

Initial 

Final 

manganese 
resinate  (in 

mg) 

soda 

(ing) 

extent  of 
jxidation 
(in  %) 

time 

(hr) 

extent,  of 
oxidation 
(in  %) 

time 

(hr) 

1.5* 

5 

90 

6 

5 

189 

14 

20** 

5 

120 

99 

3 

161 

8 

5 

3 

60—90 

27 

1.5 

202 

12 

3 

2 

60—90 

24 

2 

145 

10.5 

10 

2 

90 

65 

3 

178 

9 

15 

3 

00-90 

93 

3 

196 

10 

•The  manganese  resinate  was  added  after  oxidation  for  5  hours  with  soda  alone. 

•  •The  experiment  was  carried  out  at  120*. 

Conversion  of  1,2,4-triisopropylbenzene  hydroperoxide  (III).  Cleavage  of  (III)  into  3,4-diisopropylaceto- 
phenone  (IV).  Twenty- five  g  of  50%  1,2,4-triisopropylbenzene  hydroperoxide  (III)  was  stirred  with  an  equivalent 
quantity  of  0,5  N  FeS04  solution  for  3  hours  at  room  temperature  and  2  hours  at  lOO*.  After  appropriate  treatment 
and  distillation  there  was  obtained  7.1  g,  or  64.8%  of  the  theoretical  yield  of  3,4-diisopropylacetophenone  (IV). 

B.p.  105-106.5*  (2.5  mm),  ng  1.5169.  df  0.9561,  MR^  64.7;  Calc.  63.3. 

Ketone  (IV)  gave  the  iodoform  reaction;  the  semicarbazone,  recrystallized  from  alcohol,  melted  with 
partial  decomposition  at  178- 179*,  This  product  was  obtained  along  with  3,4-diisopropylbenzoic  acid  (V)  by 
oxidizing  (I)  with  15%  nitric  acid.  Ketone  (IV)  was  oxidized  with  3%  alkaline  permanganate  solution  at  30-40* 
to  a  mixture  of  diisopropylbenzoic  (V)  and  diisopropylphenylglyoxylic  (VI)  acids.  The  latter  acid  was  converted 
to  acid  (V)  by  hydrogen  peroxide. 

M,  p,  147.3-147,8*  (corr.)  (from  alcohol). 

Found  %:  C  75,91;  H.  8.87,  M.  206,7  (reckoned  on  the  silver  salt),  C13H18O2.  Calculated  %;  C  75.68; 

H.  8.80,  M.  206.3. 


Substance  (V)  was  3,4-diisopropylbenzoic  acid,  since  the  other  isomers,  which  could  have  been  obtained 
by  oxidation  of  (I),  melt  much  lower  (71  and  108*). 

For  a  more  rigorous  proof  of  the  structure  of  (V),  the  acid  was  converted  by  decarboxylation  to  o- diisopropyl 
benzene,  and  the  latter  was  oxidized  to  phthalic  acid  (anhydride  melting  point  130*). 

Reduction  of  (HI).  To  20  g  of  48%  hydroperoxide  (HI)  were  added  30  ml  of  30%  sodium  hydroxide  solution, 

5  g  of  zinc  dust,  and  20  ml  of  alcohol.  The  mkture  was  refluxed  until  the  (HI)  was  fully  decomposed,  and  then 
treated  with  ether;  the  ethereal  extract  was  washed  with  water,  dried,  and  distilled.  There  was  obtained  10.7  g 
(90%)  of  l-(a-hydroxyisopropyl)  -  3,4-diisopropylbenzene  (VII). 
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B.p,  111*  (3  mm),  m.p.  44-45*  (from  petroleum  ether),  1.5070  0.9344, 

Found  %;  C  81.87;  H.  10.73,  M,  216.9.  CisHmO.  Calculated  %  C  81.75;  H.  10,98.  M.  220.3. 

3,4- Dlisopropyl- a- methylstyrene  was  obtained  by  distilling  (VII)  over  sodium  bisulfate. 

B.  p.  253-255*  (corr.),  100-102*  (3  mm),  n^*®  1.5162,  di”  0.8963,  M%, 68.39;  Calc.  67.50. 

Acid  cleavage  of  (III).  Better  conditions,  under  which  3,4-diisopr6pylphenol  (Vni)  was  obtained  In  76% 
yield  and  acetone  in  62%  yield,  are  described  in  the  following.  Thirty  g  of  40%  hydroperoxide  (III)  was  added 
to  a  mixture  of  1  g  of  30%  hydrogen  peroxide  and  1  ml  of  concentrated  sulfuric  acid  at  0*,  with  good  stirring,  and 
the  mixture  was  further  stirred  for  3  hours  at  15-20*.  Then  4-6  drops  more  of  concentrated  sulfuric  acid  were 
added  and  the  temperature  raised  to  50*.  The  sulfuric  acid  was  neutralized  with  soda,  the  acetone  (1.9  g)  driven 
off,  and  the  (VIII)  extracted  from  the  residue  with  dilute  alkali,  in  the  form  of  the  phenoxide;  the  latter  was 
washed  with  benzene  and  treated  with  hydrochloric  acid;  phenol  (VIII)  was  extracted  with  ether  and  distilled. 

Yield  6.85  g.  3,4-Diisopropylphenoxyacetic  acid  melted  at  97-98*.  M  237.5  .  Ci^HtgOs.  Calculated  M  236.3. 

The  autoxidation  of  (11)  was  carried  out  like  that  of  (I),  but  (in  all  experiments  except  the  first)  the 
manganese  resinate  and  soda  were  added  directly  to  the  hydrocarbon.  Data  of  the  most  characteristic  experi¬ 
ments  are  given  in  Table  2. 

Separation  of  the  mixture  of  1,3, 5- triisopropylbenzene  mono-,  di-,  and  trihydroperoxides.  After  prelim¬ 
inary  washing  with  soda  the  reaction  mass  was  added  to  twice  its  volume  of  boiling  benzene,  stirred  until  the 
hydroperoxides  were  almost  completely  dissolved  (a  peroxide  soluble  with  difficulty  in  hot  benzene  remained), 
and  left  in  the  dark  for  12-16  hours.  The  crystals  which  had  separated  were  filtered  out  by  suction  and  re¬ 
crystallized  from  benzene.  In  this  case  1,3,5-trilsopropylbenzene  trihydroperoxide  (IX)  was  isolated,  whereas 

l, 3, 5- triisopropylbenzene  dihydroperoxide  (X)  remained  in  the  mother  liquor.  For  more  complete  extraction  of 
(IX)  the  mother  liquor  was  treated  several  times  with  5- 10%  sodium  hydroxide  solution.  The  hydroperoxide  salt 
solution  was  washed  with  benzene  and  decomposed  with  carbon  dioxide.  The  crystals  were  filtered  out  by  suction 
and  recrystallized.  The  operation  was  repeated  until  the  extraction  of  (IX)  was  complete.  Thus  1  mole  of  (H), 
oxidized  to  161%,  gave  9.8%  of  (IX)  and  6%  of  peroxide  (XI).  A  mixture  in  which  the  extent  of  oxidation  was 
202%,  gave  19.9%  of  (DC)  and  11%  of  (XI)  on  extraction  (yields  reckoned  on  the  hydrocarbon). 

Trihydroperoxide  (IX)  consisted  of  fine  white  crystals  with  m.  p.  139- 140*  ( from  benzene).  On  reduction 
with  sodium  sulfite,(IX)  was  quantitatively  converted  to  1,3,5-tri-  (a-hydroxyisopropyl)  benzene,  m.  p.  150-151.5*. 
After  removal  of  (IX),  dihydroperoxide  (X)  was  isolated  from  the  benzene  mother  liquor  by  dilution  with  petrole¬ 
um  ether,  and  also  through  the  sodium  salt;  m.p.  97-98*  (from  a  benzene- petroleum  ether  mixture).  On  reduction 
with  sodium  sulfite  d(X)  gave  3,5-dl-  (a-hydroxyisopropyl)  cumene,  m.  p.  118-120*  (from  benzene). 

1,3,5- Triisopropylbenzene  monohydroperoxide  (XII)  was  reduced  to  3,5-diisopropyl- a-hydroxycumene, 

m.  p.  42-44*  (after  repeated  distillation  in  vacuo).  The  melting  points  of  the  stated  compounds  corresponded  to 
literature  data  [2]. 

Peroxide  (XI)  was  formed  as  a  by-product  when  (II)  was  extensively  oxidized;  it  probably  has  the  following 
structure. 


CHgv 

OOH 

CH3/ I 

CHa^  I  I 

HOO — C — — 0 - vy — 

CH3/  ^CHa  CH3/  ^CHa 

It  consisted  of  fine,  white  crystals, which  gradually  decomposed  about  180*  without  melting. 
Found  %;  ®act  13.49  (lodometrically).  M  541.  C3OH46O10.  Calculated  %:  ®act  14.11.  M  566.4. 


yv.113 

HOO~C< 

I  V.IIa 

N 
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On  reduction  (XI)  gave  l,3,5-trI-(a-hydroxyisopropyl)  benzene  in  quantitative  yield. 

It  was  found,  by  reduction  of  a  mixture  of  1,3, 5- triisopropylbenzene  hydroperoxides  to  carbinols  by  means 
of  an  excess  of  sodium  sulfite,  that  when  the  extent  of  oxidation  was  202.5%,  mono-,  di-,  and  trihydroperoxides, 
and  also  peroxides  were  present  in  the  mixture  in  the  molar  ratio  1:2.13:0.95:0.53. 

SUMMARY 

The  autooxidation  of  1,2, 4-  and  1,3, 5- triisopropylbenzenes  by  atmospheric  air  in  the  presence  of  manganese 
reslnate  and  alkaline  admixtures  was  studied.  It  was  shown  that  on  oxidation  4-. 2, 4- triisopropylbenzene  forms  a 
monohydroperoxide,  whereas  1,3, 5- triisopropylbenzene  gives  a  mixture  of  mono-,  dl-,  and  trihydroperoxldes. 
Conditions  were  found  under  which  1,3,5-triisopropylbenzene  is  oxidized  ,at  an  initial  average  rate  of  30%  per 
hour  jco  an  extent  of  200%. 

1,2,4- Triisopropylbenzene  hydroperoxide  was  converted  to  3,4-dIisopropylacetophenone,  3,4- d  I  isopropyl - 
benzoic  acid,  and  3,4- diisopropylbenzene. 
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INVESTIGATION  IN  THE  FIELD  OF  THE  REACTION  OF  C-ACYLATION 


OF  HETEROCYCLIC  KETOENOLS 
I.  3-ACYL-4-HYDROXYCARBO  STYRILS 

N.  S.  Vul’fson  and  R.  B.  Zhurin 

State  Scientific  Research  Institute  of  Organic  Intermediated  and  Dyes 


The  possibility  of  C-acylationof4-hydroxycoumarin  by  aliphatic  acids  in  the  presence  of  phosphorus  oxy¬ 
chloride  to  form  the  corresponding  3-acyl -4-hydroxycoumarins  was  shown  several  years  ago  in  the  works  of  Klosa 
[1].  We  attempted  to  extend  this  reaction  to  the  4-hydroxycarbostyril  series  in  order  to  prepare  3-acyl-4-hydroxy- 
carbostyrils.  A  number  of  the  latter  were  obtained  earlier  in  low  yields  from  4-hydroxycarbostyril  by  the  Friedel- 
Crafts  reaction  and  by  the  Fries  rearrangement  of  certain  4- acylhydrocarbostyrils  [2].  Further,  two  more  methods 
for  the  preparation  of  3-acetyl -4-hydroxycarbostyril  are  described:  cyclization  of  methyl  N-acetoacetylanthranilate 
and  the  reaction  of  aniline  with  acetylmalonic  ester  [3].  Similar  methods  were  used  to  prepare  l-methyl-3-acyl- 
4-hydroxycarbostyrils. 

We  found  that  4-hydroxycarbostyril  and  l-methyl-4-hydroxycarbostyril  react  with  acetic  acid  in  the  presence 
of  phosphorus  oxychloride  to  give  only  the  corresponding  4-acetoxy  derivatives;  i.e.,  O-acylation  took  place  in 
the  given  case,  in  contrast  to  the  case  of  4-hydroxycoumarin,  where  C -acylation  occurred. 

We  succeeded  in  preparing  a  number  of  3-acyl-4-hydroxycarbostyrils  by  acylating  4-hydroxycarbostyril  with 
aliphatic  acids,  using  polyphosphoric  acid,  which  recently  has  come  into  ever-increasing  use  for  analogous  reactions 
[4],  as  a  condensing  agent. 

The  3-acyl -4-hydroxycarbostyrils  obtained  were  colorless  substances  which  crystallized  from  alcohol  in  the 
form  of  needles  and  gave  a  characteristic  yellow-orange  coloration  with  ferric  chloride;  they  were  very  soluble  in 
dilute  alkalis  and  were  liberated  unchanged  from  the  alkaline  solutions  by  acids. 

EXPERIMENTAL 

4 -H ydroxyc arbostyrll  was  prepared  by  the  cyclization  of  methyl  N-acetylanthranilate  according  to  the  cited 
method  [5]  in  35%  yield.  M  p.  350—354“;  literature  data  [6]:  m.p.  352—354*. 

1-Methyl -4-hydroxycarbostyril  was  prepared  by  the  cited  method  [7]  in  55%  yield.  M.  p.  250—260*;  litera¬ 
ture  data  [7]:  m.p.  252— 262*. 

4-Acetoxycarbostyril.  Five  g  of  4-hydroxycarbostyril,  10  ml  of  glacial  acetic  acid,  and  8  ml  of  phosphorus 
oxychloride  were  gradually  heated  to  100*  during  30  minutes  and  stirred  at  this  temperature  for  35  minutes.  On 
cooling,  the  thickened  mass  was  poured  into  ice;  the  precipitate  formed  was  filtered  out,  washed  with  water,  dried, 
and  recrystallized  from  alcohol.  Yield  2.2  g  (35%).  Colorless  needles  with  m.p.  217—219’.  A  mixture  test  with 
the  substance  obtained  by  the  cited  method  [5]  gave  no  melting-point  depression. 

1-Methyl -4-aceotxycarbostyril.  A  mixture  of  2  g  of  l-methyl-4-hydroxycarbostyril,  11  ml  of  glacial  acetic 
acid,  and  4  ml  of  phosphorus  oxychloride  was  boiled  for  25  minutes.  On  cooling,  the  mobile  upper  layer  was  de¬ 
canted  and  the  tarry  lower  layer  decomposed  with  Ice;  the  precipitate,  which  separated  from  the  lower  layer,  was 
filtered  out,  washed  with  water,  and  dried.  There  was  obtained  1.1  g  of  the  original  1 -methyl -4-hydroxycarbostyril. 
A  white  substance  separated  from  the  decanted  upper  layer  on  standing,  which  was  filtered  out,  washed  with  water 
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dried,  and  recrystallized  from  alcohol.  There  was  obtained  0.7  g  (62.5*^,  reckoned  on  the  1 -methyl -4 -hydroxy - 
carbostyril  taken  into  the  reaction)  of  colorless  needles  with  m.p.  142.5—143.5*.  A  mixture  test  with  the  substance 
obtained  by  the  cited  method  [2]  gave  no  melting-point  depression. 

3-A cetyl -4-hydroxycarbostyril.  Two  g  of  4-hydroxycarbostyrfl,  10  ml  of  glacial  acetic  acid,  and  50  ml  of 
polyphosphoric  acid(prepared  by  dissolving  100  g  of  phosphoric  anhydride  in  100  ml  of  85*7o  orthophosphoric  acid) 
were  stirred  for  2.5  hours  at  85—90*.  The  mass,  while  still  hot,  was  poured  into  ice,  and  after  a  few  hours  the 
resulting  precipitate  was  filtered  out,  washed  with  water,  and  dried.  Yield  2.0  g  (80®7o).  After  recrystallization  from 
alcohol,  1.7  g  of  colorless  needles  with  m.p.  255—257*  was  obtained.  A  mixture  test  with  the  substance  obtained 
by  the  cited  method  [3]  gave  no  melting-point  depression. 

Found €  65.12,65.38;  H  4.56,  4.60;  N  6.96,  6.98.  CuH^^N.  Calculated*^:  €  65.02;  H  4.43;  N  6.89. 

Similarly,  4-hydroxycarbostyril  and  the  corresponding  acids  gave  the  following  3-acyl -4-hydroxycarbostyrils: 

3-Propionyl -4 -hydrox ycarbostyril  in  72%  yield. 

M.p.  224— 225*;  literature  data  [ 3]:  m.p.  225— 226*. 

Found  %;  €  66.17,66.28;  H  4.95,  4.88;  N  6.71,  6.88.  CuHuOjN.  Calculated  %:  €  66.35;  H  5.06;  N  6.45. 

3-Butyroyl-4-hydroxycarbostyril  in  70%  yield. 

M.p.  217— 219*;  literature  data  [ 3]:  m.p.  218— 219*. 

Found  %:  €  67.66,  67.72;  H  5.57;  5.46;  N  6.17,  6.34.  CuHiPjN.  Calculated  %:  €  67.52;  H  5.62;  N  6.06. 

3-Isovaleroyl-4"hydroxycarbostyril  in  51%  yield. 

M.p.  197—198*;  literature  data  [ 3]:  m.p.  195—198*. 

Found  %:  €  68.66,68.75;  H  6.32,  6.24;  N  5.75,  5.84.  C^HigOsN.  Calculated  %:  €  68.57;  H  6.1?;  N  5.71. 

3-€aproyl -4-hydroxycarbostyril  in  48%  yield. 

M.p.  184-185*;  literature  data  [3]:  m.p.  183-184*. 

Found  %:  €  69.58,  69.65;  H  6.62,  6.71;  N  5.19,  5.25.  CigHj^jN.  Calculated  %:  €  69.49;  H  6.56;  N  5.40. 

SUMMARY 

On  reaction  of  4-hydroxycarbostyril  with  aliphatic  acids  in  a  polyphosphoric  acid  medium  a  number  of  the 
corresponding  3-acyl-4-hydroxycarbostyrils  were  obtained,  while  in  the  presence  of  phosphorus  oxychloride  only 
4-acyloxy  derivatives  were  formed. 
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ON  THE  ACTION  OF  HALOGENS  ON  THE  ETHYLENIC  BOND  OF  o-CARBOXY- 
AND  o-C  ARBOXYDIMETHOXYBENZ  ALBARBITURIC  ACIDS 


E.  I.  Chukhina 

Second  i>4oscow  Medical  Institute 


The  main  purpose  of  this  work  was  to  study  the  action  of  the  halogens  chlorine,  bromine  and  iodine  on 
o-carboxy-  and  o-carboxydimethoxybenzalbarbituric  acids.  The  original  acids  were  obtained  earlier  by  the  con¬ 
densation  of  o-formylbenzoic  and  opianic  acids  with  barbituric  acid  in  an  aqueous  medium  [1]. 

Bromination  and  chlorination  took  place  in  dioxane  medium  at  room  temperature.  Four  halo  derivatives  of 
benzalbarbituric  acids,  (I),  (II),  (III),  and  (IV),  containing  one  halogen  atom  in  the  molecule,  were  obtained  (in 
yields  over  90*7o  when  a  15—20*70  excess  of  bromine  or  a  50—60%  excess  of  chlorine  was  used). 


,CO— NH. 
CH=C  CO 

^CO-NH^ 


+  Br2 


\/\cOOH 

XO— NH. 

CC1=G  CO 

\co— nh/' 

(11) 

COOH 


XO— NHv 

CBr=C  CO 

^CO— NH<^ 
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^COOH 


\/ 
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^co— nh/ 
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X  xooh 


H3C0 

H3C0 


HjCO^ 

XO— NHv 

CGl=^G  Co 

^CO— NH^ 

!  (IV) 

XOOII 


In  (xder  to  prove  the  position  of  the  halogen  in  benzalbarbituric  acids,  the  reaction  of  debromination  of  bromo- 
o-carboxybenzalbarbituric  acid  by  an  excess  of  aniline  in  an  alkaline  medium  r2]  was  investigated  •  and  anil-o- 
formylbenzoic  acid  and  a  compound  which  was  soluble  in  soda,  corresponded  on  analysis  to  the  fwmula  of  the  ureide 
of  anilinomalonic  acid  (V),  and  on  alkaline  hydrolysis  was  readily  converted  to  anilinomalonic  acid,  *  were  isolated. 

Thus  the  debromination  of  the  bromo  derivative  of  benzalbarbituric  acid  by  aniline  took  place  with  cleavage 
of  the  ethylenic  bond: 


/V 


XO— NHv 
CBr=(:  CO 

^CO— NH^  _l_  2NH,c.h, 


CflllsNH'^  ^COOH 


NatlCOa 
NH— CO-NH2 


CH=NCeH6 


-f-  NaBr  -f 


OOH 


.  .  ,  .  H.  XOOH 

hvdrolvys 

CelljNH^  \C00H 


•Br"  Ion  was  found  in  the  aqueous  solution. 
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On  the  basis  of  the  debromination  reaction,  as  well  as  analysis  of  the  chlorine  and  bromine  content,  it  could 
be  concluded  that  under  mild  conditions  chlorine  and  bromine  replace  hydrogen  at  the  ethylenic  bond  but  do  not 
add  to  the  latter.  It  was  found  that  neutral  iodine  could  not  replace  a  hydrogen  atom  at  the  ethylenic  bond. 

On  treatment  of  the  bromo  derivatives  of  benzalbarbituric  acids  with  potassium  iodide,  debromination  took 
place,  but  not  iodination,  even  though  bromine  easily  displaced  iodine  from  potassium  iodide. 

In  the  reaction  of  potassium  iodide  with  the  sodium  salt  of  the  bromo  derivative  of  benzalbartlturic  acid, 
the  free  acid  was  isolated. 


GBr=G 


XO-NH. 

CO 


^CO-NH^ 
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JSL, 

HOI? 


COONa 


CH=d 

\/\COONa 


XO— NH. 

=C  CO 

N:0— NH-^ 


4-KBr+  HOI 


In  the  reaction  of  potassium  iodide  with  the  bromo  derivative  of  o-carboxydimethoxybenzalbarbituric  acid 
a  substance  was  formed  which  was  soluble  in  soda  and  slightly  soluble  in  water, and  did  not  melt  at  300*  or  more. 
The  elementary  analysis  corresponded  to  o-carboxydimethoxybenzalbarbituric  acid.  The  substance  was  reduced 
by  zinc  in  an  acetic  acid  medium,  a  mixture  of  o-carboxydimethoxybenzal-  and  benzylbarbituric  acids  being 
formed.  A  substance  with  these  properties  was  prepared  from  the  bromo  derivative  of  o-carboxydimethoxybenzal- 
barbituric  acid  by  the  Wurtz  reaction  (with  zinc  in  an  anhydrous  alcohol  or  dioxane  medium).  On  heating  a  mix¬ 
ture  of  the  substances  obtained  in  these  experiments  to  300*  or  more,  no  depression  was  observed.  It  was  assumed 
that  these  compounds  are  dimers  of  o-carboxydimethoxybenzalbarbituric  acid  (VI).  • 
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EXPERIMENTAL 

Action  of  halogens  on  o-carboxy-  and  o-carboxydimethoxybenzalbarbituric  acids; 

a)  Bromination.  To  9.9  g  of  o-carboxybenzalbarbituric  acid  mixed  with  about  30  ml  of  dioxane,  7.5  g  of 
bromine  was  added  dropwise,  with  continuous  stirring.  When  the  substance  was  almost  completely  dissolved  in  the 
dioxane,  the  solution  was  filtered  and  poured  into  ice  water;  10.55  g  of  the  bromo  derivative  was  obtained  from 
it,  in  the  form  of  acicular  crystals  with  m.p.  240  —241*  (dec.  from  230*).  •• 

Found  *70:  Br  2a60;  N  8.20,  CjaHiO^zBi^Calculated <70:  Br  23.60;  N  8.26.  Br  20.05;  N  7.02. 

From  4.1  g  of  o-carboxydimethoxybenzalbarbituric  acid,  4.28  g  of  the  bromo  derivative,  was  isolated  in  the 
form  of  acicular  crystals  with  m.p.  207—208*  (dec.  from  130’). 

Found'7o:  Br  20.05;  N  7.00.  Ci4Hu07N2Br. 

•Iodine  was  isolated  from  the  aqueous  solution. 

•  ‘The  melting  point  was  determined  in  an  apparatus  heated  beforehand  to  230*. 
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Action  of  aniline  on  the  bromo  derivative  of  o-carboxybenzalbarbituric  acid.  A  6. 95  g  quantity  of  the  sodium 
salt  of  the  bromo  derivative  of  o-carboxybenzalbarbituric  acid  was  heated  in  a  water  bath  for  3.5  hours,  with  stirring, 
with  7.2  g  of  freshly -distilled  aniline  and  1.63  g  of  sodium  bicarbonate  dissolved  in  7  ml  of  water.  The  solution 
was  treated  with  ether  and  then  acidified  with  acetic  acid;  1.2  g  of  anil-o-formylbenzoic  acid,  m.p.  174—175“ 

(from  alcohol)  was  obtained. 

Found  <70:  N  6.29.  Ci4Hii02N-  Calculated  <7o:  N  6.22. 

A  mixture  test  of  this  substance  with  anil-o-formylbenzoic  acid  prepared  by  die  Racine  method  [3]  gave  no 
melting-point  depression.  After  the  filtrate  was  evaporated  to  about  ^  of  its  initial  volume  and  reacidified  with 
hydrochloric  acid  (d  1.17),  about  1  g  of  the  substance  was  isolated  in  the  form  of  colorless  plates  (from  water) 
with  m.p.  about  250*  (dec.). 

Found  «/o:  N  17.90.  CMH11O4N3.  Calculated  N  17.72. 

On  alkaline  hydrolysis  this  substance  was  converted  to  anilinomalonic  acid. 

b)  Chlorination.  Into  a  mixture  of  2  g  of  o-carboxybenzalbarbituric  acid  and  about  13  ml  of  dioxane.was 
passed  the  chlorine  obtained  from  0.75  g  of  potassium  permai^anate  and  5  ml  of  hydrochloric  acid  (^1.17).  The 
excess  chlorine  was  driven  out  by  a  current  of  COj  until  the  mixture  was  decolorized.  After  dilution  of  the  dioxane 
solution  with  ice  water,  2  g  of  the  chloro  derivative  was  obtained  in  the  form  of  colorless  plates  with  m.p.  240—252* 
(dec.  from  200*).  • 

Found  Cl  12.01;  N  9.55.  CjjHtOsNjCI.  Calculated ‘^'o:  Cl  12.05;  N  9.51. 

From  2  g  of  o-carboxydimethoxybenzalbarbituric  acid  and  the  chlorine  evolved  from  1  g  of  potassium  per¬ 
manganate  and  5.5  ml  of  concentrated  hydrochloric  acid  there  was  obtained  2.07  g  of  the  chlcnro  derivative  in  the 
form  of  colorless  plates  with  m.p.  185—186*  (dec.  from  130*). 

Found  Cl  10,10;  N  7.95.  C14H11O2N2CI.  Calculated  <^0:  Cl  10.10;  N  7.90. 

c)  Action  of  potassium  iodide  on  the  bromo  derivative  of  o-carboxydimethoxybenzalbarbituric  acid.  Three 
g  of  the  sodium  salt  of  the  bromo  derivative  of  o-carboxydimethoxybenzalbarbituric  acid  and  1.5  g  of  potassium 
iodide,  dissolved  in  8  ml  of  water,  were  heated  in  a  water  bath  at  50—60*  for  5  hours.  After  decolorization  of  the 
reaction  mixture  with  saturated  sodium  bisulfite  solution  and  acidification  with  hydrochloric  acld,there  was  isolated 
about  1.5  g  of  o-carboxydimethoxybenzalbarbituric  acid,  which  gave  no  melting-point  depression  with  the  acid 
obtained  earlier. 

On  reaction  of  the  sodium  salt  of  the  bromo  derivative  of  o-carboxybenzalbarbituric  acid  with  potassium 
iodide,  o-carboxybenzalbarbituric  acid  was  obtained. 

Two  g  of  bromo -o-carboxydimethoxybenzalbarbituric  acid,  mixed  with  10  ml  of  water  and  0.85  g  of  potassium 
iodide,  gave  1, 15  g  of  a  substance  which,  after  recrystallization  from  large  amounts  of  water  (needles),  did  not 
melt  at  300*  or  more.  *  • 

Found  C  52.65;  H  3.55;  N  8.80.  C24H  1^10^4-  Calculated  C  52.66;  H  3.45;  N  8.78. 

On  reduction  by  zinc  in  an  acetic  acid  medium  the  substance  was  converted  to  a  mixture  of  o-carboxydi- 
methoxybenzal-  and  benzylbarbituric  acids. 

When  1  g  of  the  bromo  derivative  of  o-carboxydimethoxybenzalbarbituric  acid  was  heated  for  6  hours  with 
0.5  g  of  zinc  in ‘anhydrous  alcohol  (or  dioxane),  a  substance  was  obtained,  which,  when  mixed  with  the  substance 
obtained  in  the  preceding  experiment,  did  not  melt  on  heating  to  300*  or  more. 

SUMMARY 

1.  It  has  been  shown  that  chlorine  and  bromine  under  mild  conditions  can  replace  hydrogen  at  the  ethylenic 
bond  of  o-carboxybenzalbarbituric  acids,  but  does  not  add  to  the  bond. 

•The  substance  melted  throughout  a  wide  range  even  after  many  purifications  by  reprecipitation  from  dioxane 
solution  with  ice  water. 

•  *On  heating  above  300*  the  substance  dried  up  and  chaned. 
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2.  It  has  been  found  that  on  treatment  of  the  bromo  derivatives  of  benzalbarbituric  acids  with  potassium 
iodide.debromination  takes  place,  the  free  benzalbarbituric  acid  being  formed  in  an  alkaline  medium  and  a  dimer 
of  dlls  acid  being  formed  in  an  acid  medium. 
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CONDENSATION  OF  ACETALS.  KETALS,  AND  ORTHOESTERS  WITH  VINYL  ETHERS 
SYNTHESIS  OF  0  -  ALKOXY  -  ALDEHYDES  AND  a,  0  -UNSATURATED  ALDEHYDES 


I.  N.  Nazarov,  S.  M.  Makin.and  B.  K.  Kruptsov 
Moscow  Institute  of  Fine  Chemical  Technology 

The  possibility  of  the  condensation  of  acetals  with  vinyl  ethers  was  first  mentioned  in  1939  [1]. 

However,  the  mechanism  of  this  reaction  was  established  later  by  Hoaglin  and  Hirsch,  who  studied  the  con¬ 
densation  of  a  number  of  acetals  of  saturated  aldehydes  with  various  vinyl  ethers  in  the  presence  of  boron  trifluoride 
as  catalyst  [2]. 

OR 

/OR  1  /OR 

GIIaCH/  4-GH2=CH— OR  — GHaGHGHoGH/ 

\OR  \OR 

The  reaction  takes  place  as  a  result  of  splitting-off  of  an  acetal  alkoxy  group  and  addition  of  the  fragments 
formed  to  the  double  bond  of  the  vinyl  ether.  In  this  case  an  alkoxy  acetal  is  formed,  which  can  react  according 
to  the  same  scheme  with  another  vinyl  ether  molecule,  and  as  a  result  of  the  reaction, a  mixture  of  alkoxy  acetals 
is  obtained. 

To  decrease  the  formation  of  secondary  condensation  products,  it  is  expedient  to  use  a  2-  to  3-fold  excess 
of  acetals  in  the  reaction.  In  the  addition  of  the  acetals  of  ct,  6 -imsaturated  aldehydes  to  vinyl  ethers, equimolar 
quantities  of  the  reagents  are  taken,  since  the  rate  of  addition  of  an  oc,  0 -unsaturated'  acetal  is  much  greater  than 
the  rate  of  addition  of  the  a,  ©-saturated  alkoxy  acetals  formed  in  the  reaction,  as  was  shown  by  B.  M.  Mikhailov 
[3]  and  O.  Isler  [4]. 

We  studies  the  addition  of  the  diethyl  acetals  of  acetaldehyde,  propionaldehyde,  butyraldehyde,  and  isobutyr- 
aldehyde  to  vinyl  ethyl  and  propenyl  ethyl  ethers.  FeCl3  and  (C2H5)20.  BF3  were  used  as  catalysts.  The  use  of  FeCl3 
gave  slightly  better  yields.  In  all  cases  a  2-  to  3-fold  excess  of  the  aldehyde  acetal  was  used  in  the  reaction. 

Besides  products  of  the  addition  of  one  molecule  of  vinyl  ethyl  ether  to  the  acetal,  products  of  the  addition  of  two 
vinyl  ethyl  ether  molecules  were  isolated.  Benzaldehyde  and  furfural  diethyl  acetals  formed  condensation  products 
in  good  yields  with  equimolar  quantities  of  vinyl  ethyl  ether. 

In  the  preceding  papers  [5,  6]  we  showed  that  acetone  ketals  in  the  presence  of  (C2H5)20  .  BF3  can  easily  add 
to  vinyl  ethers  to  form  l,l,3-trialkoxy-3-methvlbutanes.  In  the  present  work  we  investigated  the  condensation  of 
ketals  with  vinyl  ethyl  and  propenyl  ethyl  ethers  in  greater  detail.  We  studied  the  effect  of  different  catalysts 
[(C2H5)20  •  BF3,  l^eCl3,  TiCl4,  AICI3,  ZnCl2,  SnCl4,  SnCl2]  on  the  yield  of  condensation  product.  The  best  catalyst 
proved  to  be  FeCl3.  When  (C2H5)20  •  BF3  was  used,  the  yield  of  product  in  some  cases  was  about  half  as  great  as 
when  FeCl3  was  used.  Use  of  the  other  enumerated  catalysts  gave  practically  no  condensation  products. 

We  carried  out  condensations  of  the  ketals  of  acetone,  ethyl  methyl  ketone,  cyclohexanone,  cyclopentanone, 
and  2,2-dimethyltetrahydropyrone-4  with  vinyl  ethyl  and  propenyl  ethyl  ethers.  The  yield  of  condensation  product 
depends  to  a  great  degree  both  on  the  structure  of  the  ketal  used  in  the  reaction  and  on  that  of  the  vinyl  alkyl  ether. 
Reaction  conditions,  constants  and  yields  of  the  substances  obtained  are  given  in  Table  1.  The  ketals  and  acetals 
were  prepared  by  a  method  reported  by  us  [7],  using  tetraalkoxysilanes. 
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TABLE  1 

Condensation  Products  of  Acetals.  Ketals,  and  Orthoformic  Ester  with  Vinyl  Ethers 


No. 

Acetal,  ketal,  or 
orthoester  (A) 

Vinyl  ether  (B)  j 

1 

natio 

B  ;  A 

Condensation  product* 

OC2H:. 

1 

CH3CH(0C2H5)2 

GH'2=GH0G2H5 

1  :  2.5 

CH3CHCH2CH(0C2H5)2 

(I) 

OC2H5 

I 

2 

CH3CH2CH(0C2H5)2 

GH2=GH0G2H5 

1  ;  2.5 

CH3CH2CHGH2CH(0C2H5)2  (H) 

OC2H5 

1 

3 

CH3CH2CH2GH(OC2Hs)2 

GH2=GH0G2H.5 

1  :  3 

CH3GH2CH2CHCH2GH{OC2H5)2(Hf) 

OC2H5 

4 

(CH3)2CHGH(0C2H6;2 

GH2==GH0G2H5 

1  ;  2.5 

1 

(CH3)2CHCHCH2CH(0C2H5)2 

(IV) 

CH3 

OC2H5 

5 

GH3GH(0G2H5)2 

1 

GII=GH0G2lI.-; 

1  :  2 

CH3CHCH(CH3)CH(0C2H5)2 

(V) 

0113 

1 

OC2H5 

6 

GH3GH2GH(0G2H5)2 

GH^GHOCsHs 

1  :  2 

CH3CH2CHCH(CH3)CHfOC2H.5)2(VI) 

C2H5 

OGaHr, 

7 

GH3GH(0G2H6)2 

1 

GH=GH0G2H5 

1  ;  3 

CH3CHCH(C2H5)CH(0C2H5)2  (Vil) 

OC2H5 

8 

/^'|-GH(0G2H6)2 

GH2=GH0G2H5 

1  : 1 

1 

|j'"^pCHCH2CH(OC2H.5)2 

(VIII) 

1  1 

II  II  OC2II5 

9 

'!^^J-gh(0G2H6)2 

GH2=GH0G2H., 

1  : 1 

(^jLcHCH2ClI(OC2H5)« 

(IX) 

OC2H5 

10 

(GH3)2G(0G2H6)2 

GH2=GH0G2H5 

1  : 1.3 

(CH3)2CCH2CH{OC2H.-;)a 

(X) 

00,211.5 

il 

(GH3)(G2H6)G(0G2H5)2 

GH2=GH0G2H..; 

1  :  2.5 

(GIl3KG2H.5)CGH2GH(OGaH5)2 

(XI) 

OG4H9 

12 

(GH3)2G(0G4H9)2 

GH2=GH0G4H9 

1  :  2 

(GH3)2CGIl2GH(OG4H9)2 

(XII) 

13 

\  |^0G2H5 

GH2=GH0G2H5 

1  :  2 

OG2H.5 

/NLcH2GH(OG2lI.5)2 

(XIII) 

1 _ J 

•The  reaction  was  carried  out  with  FeCls  as  catalyst  in  all  cases. 

•  •The  reaction  was  carried  out  in  the  presence  of  (02115)20 •  BF 3, 

•  •  ‘When  SnCl4  was  used,  the  yield  of  product  was  32*70. 
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Constants 

mUd  I 

Yield, 
reckoned 
on  the  vinyl 
ether  0n7o) 

boiling  point 
(pressure  in 
mm) 

.20 

“20 

«20 

found 

calc. 

70.0 

73— 76°  (13) 

0.8795 

1.4130 

53.86 

53.31 

71.0 

83—85(10) 

0.8821 

1.4125 

57.53 

57.92 

63.6 

99—103(13) 

0.8730 

1.4139 

— 

— 

60.0 

95—96(12) 

0.8787 

1.4136 

62.15 

62.34 

59.0 

80(10) 

71—73(7) 

0.8800 

1.4117 

58.14 

57.92 

60.0 

89—91  (10) 

0.8833 

1.4160 

62.15 

62.34 

51.7 

104—106(20) 

0.8832 

1.4171 

62.29. 

62.34 

81.0 

140(10) 

0.9643 

1.4705 

— 

— 

72.3 

122-124(10) 

0.9880 

1.4458 

65.48 

65.67 

63.8** 

77(9) 

0.8813 

1.4145 

58.01 

57.92 

69.6 

98-100(13) 

0.8927 

1.4198 

61.95 

62.33 

52.0** 

145—147  (8) 

0.8726 

1.4298 

85.55 

85.63 

33.8*  •• 

111-113(7) 

0.9355 

1.4388 

64.85 

64.96 

Found  ^0  [  Calculated  *70 


H  c  H 


11.49,  63.12  11.65 

11.53 

11.81,  64.66  11.84 

11.85 


12.10,  66.00  12.00 

11.70 

11.52,  64.66  11.84 

11.58 

11.93,  66.00  12.00 

12.17 

12.14,  66.01  12.00 

12.17 


9.19,  64.43  9.15 

9.06 


11.80,  64.66  11.84 

11.77 

11.71,  66.00  12.00 

11.71 

12.38,  70.76  12.58 

12.36 

11.06,  67.78  11.34 

11.23 
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TABLE  1  (continued) 


NoJ 

14 

15 

16 

17 

18 

1!» 

20 

21 


Acetal,  ketal,  or 
orthoester  (A) 


/\/ 


OCaHj 


I^OCgHs 


\/ 

i  J^OCallr, 

X 

CHg  CHs 

(GH3)2C{OC2Hs)2 

.OCaHs 

OC2H5 

I  [ 

\/ 

/\ 

CH3  CH3 

CH(0C2H5)3 


CH(0C2H6)3 

CH(OCaH5)3 

CH(0C2H5)3 


Vinyl  ether  (B) 


Ratio 

|CB).KA) 


Condensation  product 


Cll2=CHOC2Hr, 


CHa^-CHOCaHs 


CH3 

I 

CH=CHOCaH5 

CH3 

I 

CH=CH0C2H5 


CHa=CHOC2Hr, 

CH3 

I 

CH=CH0C2H5 

C2H5 

I 

CH=CH0C2H5 

|(CH3)2C=CH0C2»5 


1  :  2 


1  ;  2 


1  ;  3 


1  :  3 


1  ;  3 


1  :  3 


OC2H5 

^-CH2CH(0C2H5)2 


OC2H-, 

j^^LcHaCHiOCaHste 

O  I 

\/ 


(XIV) 


(XV) 


OGaH., 

I 

(GH3)2GGH(GH3)GH(0G2H5)2  (XVI) 
OGaH-, 

|^|LgH(GH3)GH(OG2H5)2  (XVII) 

GHalGIKOC^H.Oah  (XVIII) 

GH3GH[GH(OG2H5)2l2  (XIX) 

GH3GH2GH[GH(OG2H5)2]a  (XX) 
(GH3)2C[GH(OG2H5)a]2  (XXI) 


Acetone  dibutylketal  was  prepared  by  the  transetherification  method  from  acetone  diethyl  ketal,  by  heating 
with  butanol  and  simultaneously  distilling  off  the  ethanol  formed. 

Orthoesters,  like  acetals  and  ketals,  condense  easily  with  vinyl  ethers  in  the  presence  of  acid  catalysts.  There 
are  a  number  of  patent  claims  on  the  possibility  of  addition  of  orthoformic  ester  to  vinyl  ethyl  ether  [8],  This  con¬ 
densation  was  thoroughly  studied  by  T.  V.  Protopopova  and  A.  P.  Skoldinov  [9];  therefore  it  was  of  interest  to  study 
this  reaction  with  vinyl  ethers  having  substituents  in  die  vinyl  group.  It  was  found  that  orthoformic  ester  also  reacts 
easily  with  propenyl  ethyl,  butenyl  ethyl,  and  isobutenyl  ethyl  ethers  in  the  presence  of  FeCla  as  catalyst.  In  this 
case  the  correspcMiding  diacetals  of  substituted  malonic  dialdehydes  are  obtained. 


R 


GH(OG2Hb)3  +  C=CHOC2H5  (GaH60)jCHGCH(0G2H5)2 


H' 


R' 


The  yield  of  condensation  product  decreases  as  the  number  and  size  of  substituents  in  the  vinyl  group  increases 
(Table  1).  This  method  is  very  convenient  for  the  preparation  of  the  extremely  interesting  and  as  yet  little -studied 
derivatives  of  malonic  dialdehyde. 

It  was  of  interest  to  use  the  derivatives  of  1,1,3-triethoxybutane  obtained  by  us,  for  conversion  to  B-alkoxy 
aldehydes  and  a,  0 -unsaturated  aldehydes.  We  found  that  0-alkoxy  aldehydes  are  easily  prepared  by  briefly  heat¬ 
ing  the  derivatives  of  1,1,3-triethoxybutane  with  dilute  phosphoric  acid.  By  this  method  a  number  of  B-alkoxy 
aldehydes,  listed  in  Table  2,  were  obtained  in  good  yields. 

Substituted  1,1,3-trialkoxybutanes  were  converted  to  a.  0 -unsaturated  aldehydes  by  two  methods: 

1)  Liquid -phase  pyrolysis  of  0-alkoxy  aldehydes  in  the  presence  of  acid  catalysts  (we  used  acid  salts  of 
phosphoric  acid,  and  also  p-toluenesulfonic  acid).  This  methqd  of  synthesizing  unsaturated  aldehydes  is  new  and 


3644 


Yield, 
reckoned  on 
the  vinyl 
[ether  (in  %) 

Constants  I 

[>lculated  % 

boiling  point 
(pressure  in 
mm) 

.2(1 

“20 

"D 

calc. 

■ 

11 

60.7* 

128(10) 

0.9402 

1.4443 

69.23 

69.58 

68.57, 

68.98 

11.51, 

'  11.56 

68.87 

11.59 

38.0 

160—162(20) 

0.9648 

1.4448 

1 

75.78 

75.84 

63.25, 

63.40 

10.16, 

10.11 

63.64 

10.27 

45.8 

88—89(10) 

0.8908 

1.4188 

61.98 

62.33 

65.76, 

65.72 

11.81, 

11.89 

66.00 

12.00 

21.7 

134—136(10) 

0.9483 

1.4520 

73.82 

74.19 

69..59, 

69.44 

11.62, 
11. .52 

69.72 

11.70 

81.8 

92—93  (8) 

0.9185 

1.4091 

59.32 

59..57 

59.61, 

59.65 

10.91, 

10.89 

59.97 

10.98 

1 

70.0 

98.5—100(8) 

0.9164 

1.4138 

64.00 

64.19 

61.56, 

61.20 

11.21, 

11.08 

61  ..50 

11.18 

66.4 

101-103(8) 

0.9133 

1.4165 

68.44 

68.58 

63.06, 

63.08 

11. .36, 
11.20 

62.88 

11.36 

35.5 

103.5-104.5(11) 

0.9132 

1.4172 

68.37 

68.58 

62.88, 

62.73 

11.32, 

11.18 

62.88 

11..36 

•With  (CjHs)*©  •BF3  as  catalyst,  the  yield  of  product  was  Z2°lo>,  with  SnClj  it  was  10%. 

apparently  general.  The  aldehydes  obtained  by  this  method  are  listed  in  Table  3. 

2)  Heating  of  derivatives  of  l.l.S-triethoxybutane  with  dilute  acids,  a,  3 -Unsaturated  aldehydes  obtained 
by  this  mediod  may  contain  small  amounts  of  3<-alkoxy  aldehydes  as  impurities.  In  this  case  it  is  expedient  to 
distil  the  product  obtained,  with  a  small  amount  of  mono -basic  ammonium  phosphate. 

R  R'  R  R' 

II  II 

CH3— C— CII— CH(OC2ll6)2  ^  CH3-C-CH-CHO 

I  \  /I 

OC2H5  ij  OC2H5 

R  R' 

I  I 

CII3— C=C— CHO 

Crotonic,  3-methylcrotonic,  y-methylcrotonic,  tiglic,  and  cyclohexylideneacetic  aldehydes  were  prepared 
by  the  method  described  above. 

EXPERIMENTAL 

Acetone  dibutyl  ketal.  A  mixture  of  230  g  of  acetone  diethyl  ketal  and  550  g  of  butanol  was  heated  in  a 
flask  provided  with  a  herringbone  column  30  cm  high.  The  flask  was  kept  at  a  temperature  such  that  ethanol  was 
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TABLE  2 


1 

No. 

6-Alkoxy  aldehyde 

1 

Boiling  point 
(pressure  in 
mm)  _ 

n20 

”d 

d20 

yield 

(in*)!!-) 

OC2H5 

1 

CH3CHCH2GHO 

OC2H5 

(XXII) 

47.5—49°  (20) 

1.4056 

0.8927 

69.5 

2 

I 

CH3CH2CHCH2CHO 

OC2H5 

(XXIII) 

150—155 

1.4211 

0.9084 

70.0 

3 

(CH3)2CCH2CH0 

OC2H5 

(XXIV) 

49.5—50(13) 

1.4192 

0.8904 

75.2 

4 

ch3(:hch(ch3)cho 

OC2H5 

(XXV) 

140—145 

1.4171 

0.8941 

78.3 

5 

(CH3)2CHCHCH2CH0 

OC2H5 

(XXVI) 

61—63(12) 

1.4186 

0.8851 

67.2 

6 

j^^pCIl2CHO 

(XXVII) 

90—92(12) 

1.4526 

0.9688 

80.0 

7 

OC2H5 

\/ 

(XXVIII) 

103-105(13) 

1.4559 

0.9667 

1 

82.3 

slowly  distilled  off  at  78—80".  After  about  200  ml  of  ethanol  was  driven  off,  the  residue  was  distilled  in  vacuo. 
There  was  obtained  150  g  (46‘!/o)  of  acetone  dibutyl  ketal,  b.p.  68—70*  (7  mm),  n*  1.4105. 

l,l,3"Trlethoxy-2-methylbutane  (V).  Into  a  three -necked  flask  provided  with  mechanical  stirrer,  dropping 
funnel,  thermometer,  and  reflux  water  condenser  were  put  515  g  of  acetaldehyde  diethyl  acetal  and  0.8  g  of  FeClj. 
The  flask  being  cooled  with  ice  water  (0—4*),  150  g  of  propenyl  ethyl  ether  was  added  from  the  dropping  funnel 
during  2.5  hours.  The  mixture  was  stined  for  2  more  hours  at  room  temperature  and  then  neutralized  with  sodium 
methoxide,  washed  from  the  precipitate  with  water,  and  extracted  with  ether.  The  ethereal  extract  was  dried  with 
potash  and  distilled.  There  was  obtained  205.5  g  of  l,l,3-triethoxy-2-methylbutane. 

Along  with  l,l,3-triethoxy-2-methylbutane,  20  g  of  the  secondary  condensation  product  1,1,3,5-tetraethoxy- 
2,4-dimethylhexane  was  isolated. 

B.p.  135-138"  (15  mm),  ng  1.4292,  df  0.9107,  MR^  82.28;  Calc.  82.66. 

A  350  g  quantity  of  the  original  acetaldehyde  diethyl  acetal  was  recovered  from  the  reaction. 

1-Ethoxy- 1 -(2, 2-diethoxyethyl)  cyclohexane  (XIV).  To  a  mixture  of  86  g  of  cyclohexanone  diethyl  ketal 
and  0.1  g  of  FeCl3  at  O’,  with  stirring,  18  g  of  vinyl  ethyl  ether  was  added  from  a  dropping  funnel  during  1  hour. 

The  mixture  was  stirred  for  2  more  hours  at  room  temperature  and  treated  as  in  the  preceding  experiment  After 
distillation, 37  g  of  l-ethoxy-l-(2, 2-diethoxyethyl)  cyclohexane  was  obtained  (Table  1).  Yield  60.7*70,  reckoned 
on  the  vinyl  ethyl  ether  or  74*7o,  reckoned  on  the  reacted  ketal. 

A  50.7  g  quantity  of  cyclohexanone  diethyl  ketal  was  recoverd  from  the  reaction. 

The  other  trialkoxy  compounds  listed  in  Table  1  were  similarly  prepared. 

l,l,3,3-Tetraethoxy-2-methylpropane  (XIX)  A  mixture  of  48  g  of  orthoformic  ester  and  0.1  g  of  FeCla  was 
heated  to  30",  and  10.8  g  of  propenyl  ethyl  ether  was  added  from  a  dropping  funnel  during  1  hour,  with  stirring. 
The  stirring  was  continued  for  1.5  hours  more  at  45*.  The  mixture  was  neutralized  with  sodium  carbonate  and 
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distilled  in  vacuo.  There  was  obtained  20.5  g  (70®7o)  of 
l,l,3,3-tetraethoxy-2-methylpropane. 

Thirty  g  of  orthoformic  ester  was  recovered  from 
the  reaction. 

The  other  tetraalkoxy  compounds  listed  in  Table  1 
were  similarly  prepared. 

3-Ethoxylsovaleraldehyde  (XXIV).  A  mixture  of 
25  g  of  l,l,3-triethoxy-3-methylbutane,  30  ml  of  5*70 
H^04,  and  a  few  crystals  of  hydroquinone  was  vigorously 
stirred  at  85“  for  L5  hours  and  then  neutralized  with 
sodium  bicarbonate  and  extracted  with  ether.  The  ether 
extract  was  dried  with  magnesium  sulfate  and  distilled. 

After  2  fractional  distillations, 12.0  g  of  8 -ethoxyisovaler- 
aldehyde  was  obtained,  MRjj  36.94;  calc.  36.18. 

Found  %:  C  64.60,  64.39;  H  10.57,  10.53.  CtHjPz. 
Calculated  «/o:  C  64.58;  H  10.84. 

Semicarbazone,  m.p.  148.5—149*. 

Found  N  22.14,  22.72.  CgHj^jNs.  Calculated 
io:  N  22.43. 

The  other  6  -ethoxy  aldehydes  listed  in  Table  2 
were  similarly  prepared. 

0  -Methylcrotonaldehyde  (XXXI).  a)  A  mixture 
of  13  g  of  0  -ethoxyisovaleraldehyde  and  0. 5  g  of  NH4H2PO4 
was  heated  in  a  Favorskii  flask  at  160—170*.  The  ethanol 
and  0 -methylcrotonaldehyde  formed  in  the  reaction 
were  distilled  off  during  45  minutes  at  78—130*.  The 
resulting  distillate  (12.5  ml)  was  redistilled  in  vacuo. 

Six  g  of  0 -methylcrotonaldehyde  was  obtained  (see  Table 
3). 

Crotonic  y-methylcrotonic,  tiglic  and  cyclohexyl- 
ideneacetic  aldehydes  were  synthesized  by  a  similar 
method.  Their  2,4-dinitrophenylhydrazones  corresponded 
to  literature  data  [10—13]  (see  Table  3). 

b)  A  mixture  of  25  g  of  1,1, 3-triethoxy- 3- methyl- 
butane  and  30  ml  of  10°lo  hydrochloric  acid  was  heated 
at  50*  for  1  hour,  with  vigorous  stirring.  The  mixture 
was  then  neutralized  with  solid  sodium  bicarbonate,  ex¬ 
tracted  with  ether,  and  dried  with  magnesium  sulfate. 

After  fractional  distillation  8.1  g  (78.07o)  of  0 -methyl¬ 
crotonaldehyde  was  obtained. 

Crotonaldehyde  (XXIX)  and  y -methylcrotonaldehyde 
(XXX)  were  similarly  prepared  in  yields  of  51  and  61*70# 
respectively  (see  Table  3). 

SUMMARY 

1,  The  condensation  of  a  number  of  acetals  and 
ketals,  and  also  orthoformic  ester,  with  vinyl  ethyl  ether 
and  various  0  -substituted  vinyl  ethers  has  been  investigated. 
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2.  The  conversion  of  derivatives  of  1,1.3-trialkoxybutanes  to  fl-alkoxy  aldehydes  and  a,  0 -unsaturated 
aldehydes  has  been  studied. 

3.  A  new  method  of  synthesis  of  a»  0  -unsaturated  aldehydes  by  pyrolysis  of  0  -alkoxy  aldehydes  is  proposed. 
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LIQUID-PHASE  AND  VAPOR-PHASE  METHODS  OF  OBTAINING  VINYL 
AND  DIENIC  ETHERS 

SYNTHESIS  OF  a,  6 -UNSATURATED  ALDEHYDES  AND  THEIR  ACETALS 

I.  N.  Nazarov,  S.  M.  Makln.and  B.  K.  Kruptsov 
The  M,  V.  Lomonosov  Moscow  Institute  of  Fine  Chemical  Technology 


The  vapor-phase  pyrolysis  of  acetals  and  alkoxy  acetals,  leading  to  vinyl  and  dienic  ethers,  was  studied  by 
us  recently  [1,  2],  The  1- alkoxy  butadienes  and  1- alkoxy  isoprenes  obtained  in  this  manner  have  already  found 
utility  in  the  synthesis  of  polyene  compounds  [3], 

In  this  paper  we  studied  the  synthesis  of  various  substituted  alkoxydienes,  which  up  to  now  have  remained 
completely  unstudied.  In  addition  to  the  vapor-phase  method,  it  also  seemed  of  Interest  to  investigate  the  liquid- 
phase  method  of  obtaining  vinyl,  and  especially,  dienic  ethers. 

The  liquid-phase  pyrolysis  of  acetals,  ketals,  and  alkoxy  acetals  was  accomplished  by  heating  them  in  the 
presence  of  acid  catalysts  (acid  salts  of  phosphoric  acid  and  p-toluenesulfonic  acid),  with  simultaneous  removal 
of  the  alcohol  and  unsaturated  ethers  formed  in  the  reaction  by  distillation. 

When  the  diethyl  acetals  of  acetaldehyde  and  propionaldehyde,  and  the  diethyl  ketal  of  acetone,  are 
heated  in  a  rectification  column,  or  in  a  Favorskii  flask  with  a  long  fractionating  column  (60-100  cm),  in  the 
presence  of  a  small  amount  of  p-toluenesulfonic  acid,  the  distillate  is  a  mixture  of  the  corresponding  vinyl 
ether  and  alcohol. 


ypOGalls 

RCHo-GC  RCH^C-OGaH, 

I  ^OGiHs  I 

R  R 


The  alcohol  is  removed  by  washing  with  water.  The  yield  of  the  vinyl  ethers  ranges  from  40-45*?^.  This 
comparatively  low  yield  is  due  to  the  fact  that  during  the  distillation  of  the  alcohol  and  vinyl  ether  a  part  of  the 
original  acetal  or  ketal  is  also  carried  out  as  a  vapor.  The  pyrolysis  reaction  goes  to  greater  completion  and  much 
more  rapidly  when  the  higher  boiling  acetals  and  ketals  are  employed. 

The  heating  of  the  diethyl  ketals  of  cyclopentanone  and  cyclohexanone  in  the  presence  of  NH^HjPQ* 
leads  to  the  forijnation  of  the  corresponding  unsaturated  ethers  In  80-82^!^  yield.  The  vinyl  ethers  that  we  syn¬ 
thesized  by  the  liquid-phase  method  are  summarized  in  Table  1, 

The  acetals  and  ketals  needed  for  the  indicated  reactions  were  obtained  by  the  method  that  we  had 
developed  earlier  employing  tetraalkoxy silanes  [4], 

A  detailed  study  of  the  condensation  of  various  acetals  and  ketals  with  vinyl  ethers  had  been  made  by  us 
in  previous  papers  [2,  5],  The  1,1,3  -trialkoxybutane  derivatives  obtained  from  this  condensation  we  now  used 
to  obtain  the  substituted  alkoxydienes  via  catalytic  decomposition,  employing  both  the  liquid-phase  and  the 
vapor-phase  methods. 

In  the  case  of  liquid-phase  pyrolysis,  the  substituted  1,1,3  -trialkoxybutanes  were  heated  in  a  Favorskii 
flask  fitted  with  a  long  fractionating  column,  in  the  presence  of  an  acid  catalyst  (NH4H2PO4). 
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Liquid-Phase  Pyrolysis  of  Acetals  and  Ketals 
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The  alkoxydiene  and  alcohol  were  distilled 
off  as  fast  as  they  were  formed.  To  obtain  a  high 
yield  of  the  alkoxydienes.  It  Is  very  Important  to 
keen  the  temoerature  of  the  distilling  mixture  not  ex¬ 
ceeding  the  boiling  point  of  the  obtained  dienic  ether. 
When  heated  In  the  presence  of  acid  catalysts,  the 
acetals  of  a,  3 -unsaturated  aldehydes  are  also 
capable  of  being  converted  Into  alkoxydienes,  which 
was  shown  by  us  on  the  example  of  the  acetals  of 
crotonaldehyde  and  6  -methylcrotonaldehyde. 

The  alkoxydienes  synthesized  by  us,  the 
conditions  of  their  synthesis,  and  their  constants,  are 
all  given  In  Table  2. 

The  above- described  alkoxydienes  can  also 
be  obtained  easily  by  the  vapor-phase  method,  as 
was  described  by  us  In  a  previous  communication  [2]. 

The  passage  of  the  proper  1,1,3-trlalkoxybutane 
derivatives  over  acid  salts  of  phosphoric  acid  at  300- 
315*  gave  l-ethoxy-l,3-pentadiene  (VIII),  1-ethoxy- 
2- methyl -1,3- butadiene  (XI),  l-butoxy-3-methyl- 
1,3-butadiene  (XII),  and  1-6 -ethoxy vinyl -A^- cyclo¬ 
hexene  (XV).  The  conditions  used  to  synthesize  these 
compounds  are  given  In  Table  3. 

The  vapor-phase  method  can  also  be  used  to 
synthesize  2- alkoxydienes.  The  passage  of  the  vapors 
of  1,3,3-trimethoxybutane  and  1,3,3-trlethoxy- 
butane  over  acid  salts  of  phosphoric  acid  gave  2- 
methoxy-l,3-butadlene  (XVII)  and  2-ethoxy-l,3- 
butadlene  (XVIII)  In  good  yield  (Table  3). 

A  study  of  the  liquid-phase  pyrolysis  of  com¬ 
pounds  of  this  type  had  been  made  earlier  by 
several  authors  [6-8]. 

It  seemed  of  great  interest  to  study  the  hydrolysis 
of  the  1“ alkoxydienes  synthesized  by  us  in  order  to 
obtain  the  corresponding  unsaturated  aldehydes  from 
them.  It  proved  that  the  1- alkoxydienes  are  hy¬ 
drolyzed  with  ease  In  the  presence  of  dilute  acids  to 
yield  a,  6 -unsaturated  aldehydes. 

Using  this  technique,  crotonaldehyde,  0  - 
methylcrotonaldehyde  and  y-methyl crotonaldehyde 
were  obtained  In  good  yields. 

R  R'  R  R' 

CH=G— CH=CH— OR  — >  GHa— C=CH— CHO 
R,  R'  =  H,  CH,. 

In  the  presence  of  acid  catalysts,  1- alkoxy¬ 
dienes  easily  add  alcohols  In  the  1,4  position.  This 
reaction  can  be  used  to  prepare  the  acetals  of  cl, 

6 -unsaturated  aldehydes  in  good  yield.  We  obtained 


T  ABLE  3 

Synthesis  of  Alkoxydienes  by  the  Vapor-Phase  Method 
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The  preparation  of  the  catalysts  was  described  earlier  [2], 


the  diethyl  acetal  of  B-methylcrotanaldehyde  from  l-ethoxy-3-methylbutadiene  and  ethyl  alcohol  in  the 
presence  of  traces  of  hydrochloric  acid. 


C,H»OH  ^  rOC2ll6 

*  *  _ ^  \p _ PI.T _ CU/ 

ch2=c-ch=ch-oc2H5  cHg/  ^002115 

EXPERIMENTAL 

Ethyl  propenyl  ether  (II).  A  mixture  of  200  g  of  proplonaldehye  diethyl  acetal  and  3  g  of  p-toluenesulfonic 
acid  was  heated  In  a  Favorskli  flask  fitted  with  a  60  cm  fractionating  column,  at  165-170*.  In  5.5  hours  there 
distilled  222  ml  of  distillate  with  b.p.  65-80*.  One  gram  of  fredi  p-toluenesulfonlc  acid  was  added  every  2  hr. 

The  distillate  was  washed  with  water,  dried  over  potassium  carbonate,  and  distilled.  We  obtained  51.3  g  of  ethyl 
propenyl  ether  (II)  (see  Table  1)  and  30  g  of  starting  propionaldehyde  diethyl  acetal  with  b.p.  120-125*.  The 
tarry  residue  weighed  20,8  g. 

Vinyl  ethyl  ether  (I)  and  ethyl  isopropenyl  ether  (III)  were  obtain  in  a  similar  manner. 

Ethyl  A^-cyclopentenyl  ether  (IV)  and  ethyl  A^-cyclohexenyl  ether  (V)  (Table  1)  were  obtained  in  a 
similar  manner,  but  here  the  catalyst  used  was  NH4H2PO4  (1.5  g  of  NH4H2PO4  per  50  g  of  cyclopentanone  or 
cyclohexanone  diethyl  ketal), 

1- Ethoxy-2-methyl-l, 3-butadiene  (XI)  (Table  2).  A  mixture  of  50  g  of  l,l,3-triethoxy-2-methylbutane 
and  1  g  of  NII4H2PO4  was  heated  in  a  Favorskli  flask  at  170-200*.  In  1.5  hr  the  amount  of  distillate,  b.p.  78-120*, 
was  43  g.  The  distillate  was  washed  vith  water,  dried  over  potassium  carbonate,  and  distilled.  The  yield  of  product 
was  15.1  g. 

The  other  1-alkoxydienes,  summarized  in  Table  2,  were  obtained  in  a  similar  manner. 

2- Ethoxy-l,3-butad:lene  (XVIII)(Table  3).  1,3,3-Trlethoxybutane  (50  g)  was  passed  in  1  hr,  at  350*  and  a 
vacuum  of  20  mm,  through  a  porecelain  contact  tube,  60  cm  in  length  and  20  mm  in  diameter,  filled  with  60  g 
of  MgHPQ4*  Na2Si03.  The  reaction  product  was  collected  in  a  trap,  cooled  with  a  mixture  of  dry  ice  and  acetone. 
At  reaction  end,  the  product  was  washed  with  water,  dried  over  anhydrous  potassium  carbonate,  and  distilled.  We 
obtained  20  g  (80*70)  of  2- ethoxy  -1,3-butadiene  with  b.p.  92-96*,  n^p  1.4404, 

2-Methoxy- 1,3- butadiene  (XVII),  b.p.  75-77*,  n^®jj  1.4434,  was  obtained  in  a  similar  manner. 

B  -Methyl crotonaldehyde.  A  mixture  of  26  g  of  the  ethoxyisoprene  (VII)  and  14  ml  of  2”Ip  sulfuric  acid  was 
stirred  vigorously.  The  temperature  in  the  flask  rose  of  Its  own  accord  from  18*  to  38*,  and  then  dropped  to  26*. 

The  mixture  was  stirred  for  another  1.5  hr  at  50*,  and  then  it  was  neutralized  with  15  ml  of  saturated  sodium 
bicarbonate  solution.  The  aldehyde  was  extracted  with  ether,  dried  over  magnesium  sulfate,  anddistilled.  We 
obtained  13.5  g  (69.2*7))  of  B  -methylcrotonaldehyde  with  b.p.  133-136*,  n®*£)  1.4600. 

2.4- Dinitrophenylhydrazone,  m.p.  179-179.5*  [9]. 

Found  *7o:  N  21.23.  21.10.  C11H12O4N4.  Calculated  °!o:  N  21.21. 

Crotonalcfehyde,  b.p.  101-103*,  n^®^  1.4375,  was  obtained  in  a  similar  manner.  Yield  45*7c. 

y  -Methylcrotonaldehyde  was  obtained  by  heating  l-ethoxy-l,3-pentadiene  with  15*7  H3PO4  for  2,5  hr  at 
80*;  b.p.  50-53*(45  mm),  n“j^  1.4432.  Yield  38'7>. 

2.4- Dlnitrophenylhydrazone,  m.p.  158-159*  [10], 

y -Methylcrotonaldehyde  diethyl  acetal.  Into  a  three-necked  flask  fitted  with  mechanical  stirrer,  reflux 
condenser, and  thermometer,  was  charged  11,2  g  of  l-ethoxy-3-methyl-l, 3-butadiene  and  4,6  g  of  ethyl  alcohol. 
The  mixture  was  cooled  to  3*  using  Ice  water,  and  then  1  drop  of  coned,  hydrochloric  acid  was  added.  Within 
a  minute  the  temperature  of  the  mixture  rose  rapidly  to  50*,  and  then  It  dropped  to  room  temperature.  The 
mixture  was  stirred  for  another  0.5  hr  at  room  temperature,  and  then  it  was  distilled.  We  obtained  9,1  g  of 
B -methylcrotonaldehyde  diethyl  acetal  with  b.p.  161-163*,  n*®^  1,4200  [11], 
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SUMMARY 

1.  The  synthesis  of  various  substituted  1-alkoxydienes  was  worked  out,  using  both  liquid-phase  and  vapor- 
phase  techniques.  The  liquid-phase  method  was  used  to  obtain  a  number  of  substituted  vinyl  ethers. 

2.  The  hydrolysis  of  l-alkoxydienes  with  dilute  acids  gave  a,  6 -unsaturated  aldehydes. 

3.  It  was  establi^ed  that  alcohols,  in  the  presence  of  acid  catalysts,  add  to  l-alkoxydienes  in  the  1,4 
position  to  yield  the  acetals  of  0  -unsaturated  aldehydes. 
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IMIDAZOLE  DERIVATIVES 


XXII.  SYNTHESIS  AND  PROPERTIES  OF  f-HYDROXY-l.S-DIMETHYLBENZIMIDAZOLONE 

A.  V.  El’tsov  and  L.  S.  Efros 
Lensovet  Leningrad  Technological  Institute 


In  earlier  communications  the  observation  was  made  by  us  that  a  difference  exists  in  the  reactivity  of  benzim- 
idazolone  and  benzimidazolone  derivatives  [1,2],  Thus,  a  comparison  of  5-aminobenzimidazolone  (I)  with  5-amino- 
benzimidazole  (II)  [3]  revealed  that  only  the  former  enters  into  the  azo-coupling  reaction;  the  1,3-dimethyl  deriva¬ 
tive  of  5-aminobenzimldazolone  (III)  behaves  in  exactly  the  same  manner. 


\ 


'T\  _ 

NH 


(I) 


Having  identified  the  azo  dyes  as  being  5-amino-6-arylazo  compounds  by  the  conversion  of  the  ortho-diamines 
obtained  from  them  to  phenantriazines,  the  spectra  of  which  were  compared  with  authentic  compounds,  we  were 
then  able  to  show  [4]  that  introducing  a  methyl  group  on  the  6  carbon  atom  in  die  molecule  (5-amino-6-methyl- 
benzidazolone)  renders  the  amine  incapable  of  coupling  with  diazonium  salts.  At  the  same  time,  4, 7 -dimethyl -5- 
aminobenzimidazolone  readily  form.*;  azo  dyes  when  reacted  with  diazo  compounds. 

We  attempted  to  explain  the  high  activity  shown  by  a  hydrogen  atom  attached  to  the  carbon  atom  in  the  6 
position  as  due  to  upsetting  the  equivalence  of  the  bonds  in  the  benzene  ring  of  the  molecule,  leading  to  an  increase 
in  the  unsaturation  between  the  5  and  6  carbon  atoms  in  the  benzene  ring  [  5]. 

In  connection  with  the  above  it  seemed  of  interest  to  study  the  behavior  of  5-hydroxybenzimidazolone  in 
electrophilic  substitution  reactions,  since,  as  could  be  postulated,  this  compound  should  readily  form  azo  dyes  when 
reacted  with  diazo  compounds.  However,  for  our  investigations  we  chose  the  1,3-dimethyl  analog  of  5-hydroxy- 
benzimidazolone,  since  judging  from  the  existing  experimental  data  [1—4,  6],  the  N-alkylation  of  a  heterocycle 
increases  the  solubility  and  decreases  the  melting  point  of  benzimidazolone  compounds,  which  facilitates  both 
purification  and  identification  of  the  studied  compounds.  As  regards  reactivity  in  the  benzimidazolone  series  when 
comoared  with  that  of  the  corresponding  N,N’ -dimethyl  derivative,  then,  as  our  investigations  revealed  [4],  it  is 
always  analogom. 

We  synthesized  the  previously  unknown  5-hydroxy-l,3-dimethylbenzimidazolone  (IV)  in  approximately  SQPfo 
yield  by  reacting  either  5-methoxy-  (V)  or  5-ethoxy-l,3-dimethylbenzimidazolone  (VI)  with  coned,  hydrobromic 
acid.  It  proved  that  the  hydroxy  compound  corresponding  to  (VI)  shows  easy  and  quantitative  coupling  widi  diazotized 
aniline,  in  which  connection  the  crude  dye  (VII)  is  obtained  quite  pure  (m.p.  199—200*,  instead  of  the  204,5“  for 
the  pure  compound),  and  the  presence  of  impurities  in  it  cannot  be  detected  spectrally.  The  acetylation  of  dye 
(VII)  with  acetic  anhydride  gave  the  acetyl  derivative  (VIII),  to  which,  in  harmony  with  the  literature  data  [7—9], 
we  assigned  the  structure  of  the  o-acetylazo  compound  (see  the  figure,  for  the  spectrum  of  this  compound  in  methanol 
solution). 


3655 


The  reduction  of  dye  (VII)  with  stannous  chloride  in  acid  medium  gave  the  aminophenol  (DC),  which  was 
identified  both  as  the  sulfate  and  as  the  oxazolone  derivative  (X),  the  latter  being  easily  formed  when  the  amino¬ 
phenol  is  fused  with  urea.  Oxidation  of  the  aminophenol  (DC)  with  chromic  acid  gave  quinone  (XI),  which  was 
also  synthesized  in  good  yield  by  the  oxidation  of  phenol  (IV)  with  potassium  nitrosodisulfonate  (Fremy's  salt  [10]). 
The  last  transformation  apparently  goes  by  the  mechanism  of  cationoid  substitution  through  the  stages  [11,  12]; 
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The  structure  of  quinone  (XI)  was  shown  by  its  synthesis  from  r),6-dihydroxy-l,3-dimethylbenzimidazolone 
(XII),  obtained  from  the  5,6-dimethoxy  derivative  (XIII),  which  is  easily  formed  by  the  alkylation  of  5,6-dimethoxy- 
benzimidazolone  (XIV)  with  dimethyl  sulfate  (see  scheme).  The  last  compound  was  reported  earlier  in  the  literature 
[6];  however,  the  indicated  reference  apparently  contains  a  typographical  error,  for  the  melting  point  given  was 
268*,  instead  of  the  246*  found  by  us.  Based  on  both  the  method  of  synthesis  and  the  properties,  our  compound  was 
identical  with  the  compound  described  by  the  American  authors. 
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Consequently,  on  the  basis  of  the  accomplished  transformations  it  can  be  considered  as  established  that  both 
the  azo-coupling  of  5-hydroxy-l,3-dimethylbenzimidazolone  and  its  oxidation  with  Fremy’s  salt  take  place  at  the 
6  carbon  atom,  without  the  formation  of  any  other  isomers  in  noticeable  amount. 

Quinone  (XI)  is  quite  stable,  and  it  fails  to  change  either  on  long  storage  in  the  air  ac  when  heated  in  alcohols, 
chloroform  or  acetic  acid.  It  readily  condenses  with  ortho-diamines  to  yield  well- crystallizing  azines,  one  of 
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which  (XV)  was  purified  and  characterized  by  us. 

If  an  attempt  is  made  to  compare  the  chemical  properties  of  the  0 -hydroxy-  and  0 -amino  derivatives  of 
naphthalene  with  those  of  the  5-hydroxy  and  5-amlno  derivatives  of  benzimidazolone  studied  by  us,  the  attention 
is  involuntarily  drawn  to  the  similarity  of  their  behavior  in  both  azo-coupling  and  oxidation  reactions.  Both  types 
of  compounds  show  reactivity  at  only  one  carbon  atom,  at  the  a  position  in  the  case  of  naphtahlene  derivatives, 
and  at  the  6  position  in  the  case  of  benzimidazolone  derivatives;  if  this  atom  is  blocked  by  a  methyl  group,  then 
reaction  does  not  take  place  at  another  free  ortho  position. 

However,  the  conclusion,  based  on  such  an  analogy, 
that  increased  unsaturation  exists  between  the  5  and  6 
carbon  atoms  in  the  benzimidazolone  nucleus  cannot  be 
considered  as  resting  on  an  adequate  foundation  [  13],  even 
though  it  is  supported  by  certain  other  considerations  [  4]. 

As  is  known,  5-hydroxyhydrindene  (XVI)  is  both 
easily  coupled  [14]  and  oxidized  with  Fremy’s  salt  to  yield 
predominantly  6-substituted  derivatives,  and  yet  even  a 
partial  "fixation"  of  the  double  bond  between  the  5  and  6 
carbon  atoms  in  the  hydrindene  molecule  fails  to  exist  [  16]. 
It  should  be  added  that  attaching  methyl  groups  to  either 
the  4  or  the  6  carbon  atom  in  5-hydroxyhydrindene  does 
not  prevent  the  compound  from  coupling  at  a  free  ortho 
position  [  17,  18]. 

The  reaction  of  electrophilic  substitution  at  one  of 
the  ends  of  the  aromatic  bond  can  testify  to  the  higher 
order  of  this  bond  only  in  the  case  where  the  activity  of 
the  reaction  center  is  determined  by  the  presence  of  such 
a  bond  [13].  This  is  true  in  the  case  of  a  naphthalene, 
but  whether  it  is  also  valid  for  a  benzimidazolone  can 
be  reliably  shown  only  by  measuring  the  length  of  the 
carbon— carbon  bonds  in  the  molecule. 


Absorption  spectra  of  solutions  in  methanol. 

1)  Dye  (VII)  (c  2.73-  10"®  M.;  Xmax  276, 

351,  and  419;  Xmin  255  ,  304, and  380  m/j); 

2)  acetyl  derivative  (VIII)  (c  3. 18  •  10  ”®  M.; 
Xmax  270,  371  mp;  Xmin  253  and  297  mp). 

An  SF-4  spectrophotometer  was  used  to  take 
the  spectra  at  2  mp  intervals,  except  in  die 
extreme  zones,  where  they  were  taken  at  1 
mp  intervals;  the  layer  thickness  was  10.0mm. 

carded),  but  they  can  serve  as  a  stimulus  for  conducting 
chemistry  of  benzimidazolone  and  its  derivatives. 
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Consequently,  the  ex¬ 
perimental  results  obtained 
in  the  present  study  cannot  be 
considered  as  decisive  proof 
of  the  validity  of  the  earlier 
expressed  theory  that  increased 
unsaturation  exists  between  the  5  and  6  carbon  atoms  in 
a  benzimidazolone  (although  this  theory  is  not  being  dis- 
further  experimental  investigations  in  the  domain  of  the 


'CHj 
(XVI) 


EXPERIMENTAL  • 

5-Hydroxy-l,3-dimethylbenzimidazolone  (IV).  A  mixture  of  25  g  of  5-methoxy-l,3-dimethylbenzimldazolone 
[6]  and  150  ml  of  coned,  hydrobromic  acid  was  heated  in  sealed  tubes  for  5  hr  at  150“.  The  highly  colored  reaction 
solution  was  evaporated  to  dryness,  and  the  residue  was  recrystallized  from  a  very  small  volume  of  alcohol.  5- 
Hydroxy-l,3-dimethylbenzimIdazolone  was  obtained  as  colorless  crystals  with  m.p.  212*;  the  compound  is  soluble 
in  petroleum  ether  and  benzene,  difficulty  soluble  in  chloroform  and  water,  and  soluble  in  alcohol,  acetone, and 
dioxane.  Yield  79.5%. 


•Melting  points  are  uncorrected. 
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The  same  compound  was  also  obtained  in  82®/o  yield  by  a  similar  treatment  of  5 -ethoxy-1, 3-dlmethyl- 
benzimldazolone  [6]. 

Found  <70;  C  60.55;  H  5.68;  N  16.04,  15.95.  CgHioOjNj.  Calculated ‘7o:  C  60.66;  H  5.65;  N  15.72. 

5,6-Dioxo-l,3-dimethylbenzimtdazolone  (XI).  a)  Oxidation  of  5“hydroxy-l,3-dimethylbenzimidazolone 
( IV).  •  A  solution  of  1  g  of  5-hydroxy-l,3-dimethylbenzimidazolone  in  30  ml  of  methanol  was  added  at  10*  to  a 
solution  of  2.8  g  of  Fremy's  salt  [19]  in  150  ml  of  water  and  40  ml  of  0.167N  KHjPO^  solution.  The  operation  was 
repeated  10  times,  and  the  combined  highly  colored  solutions  were  kept  at  8*  for  1  hr.  The  obtained  precipitate 
was  filtered,  while  the  mother  liquor  was  repeatedly  extracted  with  chloroform.  The  combined  extract  was  dried 
over  fused  sodium  sulfate,  and  then  evaporated  in  vacuo  to  dryness.  The  residue  was  added  to  the  filtered  crystalline 
product,  and  the  whole  was  recrystallized  from  alcohol.  Yield  6  g,  based  on  the  pure  compound. 

b)  Oxidation  of  5-hydroxy-6-amino-l,3-dimethylbenzimidazolone  (IX).  To  an  ice-cooled  mixture  of  0.2 
g  of  5-hydroxy-6-amino-l,3-dimethylbenzimidazolone  sulfate  and  0.8  ml  of  20%  H2SO4  was  added  a  solution  of 
0.2  g  of  Cr03  in  1  ml  of  water.  After  standing  for  1  hr,  the  solution  was  repeatedly  extracted  with  chloroform, 
the  extract  dried  over  fusedsodium  .sulfate,  and  the  residue,  after  distilling  off  the  solvent,  was  recrystallized  from 
alcohol.  We  obtained  0.080  g  of  the  quinone. 

c)  Oxidation  of  5,6-dihydroxy-l,3-dimethylbenzimidazolone  (XII).  A  solution  of  0.39  g  of  5,6-dihydroxy- 
1,3-dimethylbenzimidazolone  in  15  ml  of  water  was  treated  with  a  solution  of  1.85  g  of  potassium  ferricyanide  in 
10  ml  of  water.  The  quinone  was  extracted  with  chloroform  and  then  recrystallized  from  alcohol.  We  obtained 
0. 3  g  of  the  quinone. 

When  cooled  slowly,  5,6-dioxo-l,3-dimethylbenzimidazolone  crystallizes  from  alcohol  as  coarse  dark-red 
needles,  softening  at  236--238*,  showing  complete  liquefaction  at  243—244*.  The  compound  is  soluble  in  water, 
pyridine,  acetic  acid,  chloroform  and  dioxane,  more  difficultly  soluble  in  benzene,  acetone,  and  alcohols,  and 
insoluble  in  petroleum  ether.  Decolorization,  accompanied  by  a  brisk  evolution  of  gas,  is  observed  when  an  alco¬ 
hol  solution  of  the  quinone  is  treated  with  phenylhydrazine.  Hydrosulfite  in  water  solution  also  decolorizes  the 
quinone  with  the  formation  of  the  leuco  compound,  which  slowly  changes  back  to  the  original  compound  when 
kept  in  the  air. 

Found  %:  C  55.95;  H  3.96;  N  14.54.  14.69.  CgHgOjNj.  Calculated  %:  C  56.25;  H4.19;  N  14.58. 

Azine  (XV)  from  5,6-dioxo-l,3-dimethylbenzimidazolone  and  l,2-diamino-4-methylbenzene.  A  solution 
of  0.4  g  of  the  quinone  and  0.25  g  of  the  diamine  in  10  ml  of  glacial  acetic  acid  was  heated  for  several  minutes. 

The  precipitate  obtained  on  cooling  was  filtered  from  the  dark-red  mother  liquor,  and  then  recrystallized  from 
acetic  acid.  We  obtained  0.3  g  of  light-yellow  needles  with  m.p.  265*.  The  compound  is  readily  soluble  in  chloro¬ 
form,  more  difficultly  soluble  in  alcohol,  acetone,  dioxane^and  benzene,  and  insoluble  in  petroleum  ether  and  water. 
The  solution  in  coned,  sulfuric  acid  is  colored  cherry-red. 

Found  %;  N  20.38,  20,22.  Ci^iiPN4.  Calculated  %:  N  20.13. 

5-Hydroxy-6-phenylazo-l,3-dimethylbenzimidazolone  (VII).  A  solution  of  0.2  g  of  5-hydroxy-l,3-dimethyl- 
benzimidazolone  and  0. 159  g  of  sodium  carbonate  in  4  ml  of  water,  prepared  by  heating  in  a  small  flask,  was 
cooled  to  5*,  and  then  treated  with  a  solution  of  0.246  g  of  phenyldiazonium  fluoborate  in  6  ml  of  water.  The 
reaction  mass  was  stirred  vigorously  for  30  min,  and  then  the  the  deposited  azo  dye  was  transferred  quantitatively 
to  a  Schott  filter.  The  precipitate  was  washed  v^itli  100  ml  of  distilled  water,  and  then  dried  at  105*  to  constant- 
weight.  The  azo  dye,  obtained  in  quantitative  yield,  melted  at  198—200*.  One  recrystallization  from  alcohol 
gave  the  azo  compound  as  long  red  needles  with  a  constant  m.p.  of  204.5*. 

The  absorption  spectra  of  both  the  crude  and  purified  products  proved  to  be  identical  within  the  limits  of 
accuracy  of  the  spectrophotometer  (+2%).  The  dye  is  very  soluble  in  chloroform,  soluble  in  dioxane,  acetone, 
benzene,  acetic  acid. and  carbon  tetrachloride,  and  difficultly  soluble  in  alcohol  and  petroleum  ether. 

Found  %:  C  6a53;  H  5.27;  N  20.05,  19.82.  Ci5HiP2N4-  Calculated  %:  C  63.83;  H  5.00;  N  19.85. 


•Jointly  with  B.  Serebryan, 
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5~Hydroxv-6-phenvlazo-l,3-dimethvlbenzlinidazolone  acetate  (VIII).  A  mixture  of  2  g  of  the  azo  compound 
and  25  ml  of  acetic  anhydride  was  refluxed  for  20  min.  The  solution  after  cooling  was  diluted  with  an  equal 
volume  of  water,  and  the  obtained  precipitate  was  recrystallized  from  alcdiol.  We  obtained  0.9  g  of  the  compound 
as  slender  light-yellow  needles  with  m.p.  189—191”.  The  product  is  readily  soluble  in  acetic  acid,  chloroform, 
benzene,  dioxane.and  acetone,  more  difficultly  soluble  in  alcohol,  and  very  difficultly  soluble  in  water  and  petroleum 
ether. 

Found  <7o:  N  17.54,  17.27.  Ci7Hi^3N4.  Calculated  N  17.28. 

5-Hvdroxy-6-amino-l,3-dimethylbenzimidazolone  (K).  Stannous  chloride  was  added,  with  heating  and 
stirring,  to  a  suspension  of  2.2  g  of  the  azo  dye  in  20  ml  of  coned,  hydrochloric  acid  until  the  reaction  mass  became 
colorless.  The  obtained  tin  complex  of  the  aminophenol  was  filtered,  then  dissolved  in  water,  and  the  tin  was  pre¬ 
cipitated  with  hydrogen  sulfide.  The  solution  was  evaporated  in  vacuo  to  dryness,  the  residue  was  dissolved  in  25 
ml  of  water,  and  the  solution  was  first  decolorized  in  the  cold  with  charcoal,  and  then  treated  with  sodium  acetate. 
The  obtained  slender  needles  of  the  free  aminophenol  were  filtered,  washed  on  the  filter  with  water,  then  with 
alcohol,  and  finally  with  ether.  After  drying  in  vacuo,  over  P2O6,  the  product  failed  to  melt  at  300”,  and  was  in¬ 
soluble  in  alcohol,  ether,  benzene. and  acetone.  We  obtained  0.97  g  of  the  compound. 

For  analysis,  the  aminophenol  was  recrystallized  from  dilute  sulfuric  acid,  and  then  dried  in  vacuo  over  P2O5 
to  constant  weight.  The  slender  colorless  needles  of  the  aminophenol  sulfate  darken  rapidly  in  the  air. 

Found  fi/o:  C  44.72;  H  5.29;  5  6.65,6.53.  CgHjiOjNj  .  ^  H2SO4.  Calculated  *70:  C  44.62;  H  4.93;  5  6.62. 

l,2-(N,N*-Dimethyl)-benzimidazolono-4,5-oxazolonobenzene  (X).  A  mixture  of  1  g  of  the  aminophenol 
hydrochloride  and  1  g  of  urea  was  fused  in  a  porcelain  crucible  at  200*.  After  cooling,  the  solid  melt  was  dissolved 
in  warm  3®7o  NaOH  solution  with  the  addition  of  hydrosulfite,  after  which  the  solution  was  decolorized  with  carbon, 
and  the  product  was  precipitated  with  hydrochloric  acid.  The  compound  was  rapidly  recrystallized  twice  from  a 
large  volume  of  water,  and  then  dried  at  105”.  We  obtained  0.2  g  of  slender  colorless  needles  that  failed  to  melt 
at  310”,  were  difficultly  soluble  in  water,  alcohol,  dioxane,and  acetic  acid,  and  insoluble  in  benzene,  petroleum 
ether, and  chloroform. 

Found  ®7o:  C  54.53;  H  4.28;  N  19.36.  C10H9O3N3.  Calculated ‘/o;  C  54.79;  H  4.14;  N  19.17. 

5.6- Dimethoxybenzimidazolone  (XIV).  A  charge  of  27  g  of  4,5-dinitroveratrole  (m.p.  131”  [20]),  6  g  of 
freshly  prepared  Raney  nickel  [21]  and  150  ml  of  methanol  was  placed  in  a  600  ml  steel  autoclave,  and  the  reaction 
mass  was  agitated  under  a  hydrogen  pressure  of  100  atm  for  2  hr  at  80”.  The  catalyst  was  filtered  while  the  solution 
was  diluted  with  1  liter  of  ether  and  then  saturated  with  gaseous  hydrogen  chloride.  The  highly  colored  precipitate 
of  4,5-diam,inoveratrole  hydrochloride  was  filtered,  washed  on  the  filter  with  ether  (3  X  50  ml),  dried  in  an  oven 

at  80”,  and  then  fused  with  30  g  of  urea  in  a  porcelain  crucible  for  1  hr  at  190—200”.  The  cold  melt  was  dissolved 
in  100  ml  of  18®7o  NaOH,  treated  with  carbon,  and  the  highly  colored  solution  was  cooled  to  0”.  The  sodium  salt 
of  5,6-dimethoxybenzimidazolone,  obtained  as  a  crystalline  precipitate  was  filtered,  washed  on  the  filter  with 
cold  20%  NaOH,  and  then  without  drying,  was  dissolved  in  250  ml  of  hot  water.  After  decolorization  with  carbon, 
the  hot  solution  was  neutralized  with  coned,  hydrochloric  acid,  and  the  precipitate  was  filtered,  and  dried  at  105”. 

We  obtained  15  g  of  slightly  yellow  plates  with  m.p.  245—246”.  After  recrystallization  from  dioxane,  the  thin, 
colorless,  glistening  platelets  of  5,6-dimethoxybenzimidazolone  melted  at  246”.  and  not  at  268”,  as  indicated  in 
the  literature  [  6].  The  compound  is  soluble  in  acetic  acid  and  pyridine,  difficultly  soluble  in  water  and  alcohol, 
and  insoluble  in  acetone,  petroleum  ether,  chloroform,  and  benzene. 

Found  %:  C  55.40;  H  5.17;  N  14.59.  C9H10O3N2.  Calculated  %:  C  55.67;  H  5.19;  N  14.43. 

5.6- Dimethoxy-l,3-dimethylbenzimidazolone  (XIII).  To  a  solution  of  5  g  of  5,6-dimethoxybenzimidazolone 
in  50  ml  of  8%  NaOH,  heated  to  80—90”,  was  added  dropwise,  with  vigorous  stirring,  5  ml  of  dimethyl  sulfate  in 

5  min.  After  stirring  for  30  min  at  the  same  temperature,  the  solution  was  treated  with  6  g  of  NaOH,  and  then  5 
ml  of  dimethyl  sulfate  was  added  in  drops.  The  reaction  mass  was  stined  at  the  boil  for  another  30  min,  and  then 
evaporated  to  dryness  on  the  water  bath.  The  residue  was  extracted  with  hot  benzene  for  4  hr,  the  extract  was 
evaporated  to  dryness,  and  the  product  was  recrystallized  from  a  very  small  volume  of  toluene.  We  obtained  5.3 
g  of  heavy,  colorless,  coarse  crystals  that  melted  at  170.5—172”.  The  substance  is  readily  soluble  in  water,  alcohol, 
chloroform,  benzene,  dioxane,  acetic  acid,  carbon  tetrachloride,  and  acetone,  and  is  insoluble  in  petroleum  ether. 
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Found C  59.80,  59.51;  H  6.34,  6.18;  N  12.69,  12.54.  CuHjP,N,.  Calculated C  59.45;  H  6.35; 

N  12.61. 

5,6-Dihydioxyl,3-dlmediylbenzlmidazolone  (XII).  A  mixture  of  2  g  of  5,6-dlmethoxy-l,3-dlmethylbenzim" 
idazolone  and  15  ml  of  coned,  hydrobroinic  acid  was  heated  in  a  sealed  tube  for  2  hr  at  150*.  The  precipitate 
that  deposited  on  cooling  was  filtered  from  the  highly-colored  mother  liquor,  and  then  recrystallized  repeatedly 
from  aqueous  alcohol  and  from  alcohol;  the  last  recrystallizations  were  made  in  the  presence  of  small  amounts 
of  hydrosulfite.  We  obtained  0.6  g  of  slender  colorless  needles  that  melted  with  profound  darkening  at  266*,  and 
proved  to  be  difficultly  soluble  in  water  and  in  organic  solvents.  When  dissolved  in  either  water  or  alcohol,  the 
substance  oxidizes  in  the  air  to  the  quinone. 

Found  C  55.26;  H  5.25;  N  14.40,  14.31.  CjHioOjNj.  Calculated*^  C  55.66;  H  5.19;  N  14.42. 

SUMMARY 

It  was  established  that  both  the  azo-coupling  of  the  new  5-hydroxy-l,3-dimethylbenzimidazolone  and  its 
oxidation  with  Fremy's  salt  take  place  at  the  6  carbon  atom. 
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ADDITION  OF  ORGA  N  O  MA  G  N  ES  lU  M  COMPOUNDS  TO 


ETHYLIDENEMALONIC  ESTER 

V.  P.  Gol'niov  and  Ch*ai  K*un 
Odessa  State  University 


Although  it  is  possible  to  obtain  alkyltnalonic  esters  containing  secondary  radicals  in  conventional  manner 
from  alkyl  halides  and  sodiomalonic  ester,  still  in  most  cases  the  corresponding  halo  derivatives  (especially  those 
containing  highly  branched  radicals)  are  difficultly  available.  In  addition,  secondary  reactions  (formation  of  ethers 
and  of  unsaturated  compounds),  noticeably  reducing  the  yield  of  desired  product,  are  frequently  observed  when 
sodiomalonic  ester  is  reacted  with  secondary  alkyl  halides. 

A  second  method  for  obtaining  substituted  malonic  esters  of  the  above  indicated  structure  is  the  addition  of 
organomagnesium  compounds  to  alkylidenemalonic  esters,  and,  in  particular,  to  ethylidenemalonic  ester. 

This  reaction  proceeds  in  accordance  with  the  following  scheme: 


OC2H5  OC2H5 

I  I 

R-MgX +C11=C— C=0  --v  H_CH_C=C— OMgX 

II  II 

CH3  GOOC2H5  CH3  COOC2H5 

R— CH-^CH(GOOG2Hr,)2. 


CHs 


hydrolysis 


As  far  as  we  know,  this  reaction  has  been  described  in  the  literature  for  only  two  examples.  The  two  ex¬ 
amples  are  a-methyl-6 -(ot-naphthyl)ethylmalonic  ester  [1],  synthesized  by  the  reaction  of  ethylidenemalonic 
ester  with  the  Grignard  reagent  obtained  from  l-(chloromethyl)naphthalene,  and  l-methyl-5-n-hexenylmalonic 
ester  [2],  obtained  by  reacting  ethylidenemalonic  ester  with  4-pentenylmagnesium  bromide. 

In  order  to  study  the  indicated  reaction  in  somewhat  greater  detail,  we  conducted  some  experiments  in 
the  present  investigation  on  the  addition  of  the  organomagnesium  compounds  obtained  from  bromobenzene, 
o-bromotoluene,  propyl  bromide  .and  isopropyl  bromide  to  ethylidenemalonic  ester.  When  the  Grignard  reagent 
was  phenylmagnesium  bromide,  we  obtained  a-phenylethylmalonic  ester,  previously  described  in  the  literature 
and  synthesized  from  sodiomalonic  ester  and  a-chloroethylbenzene  [3],  and  also  by  the  addition  of  methyl- 
magnesium  iodide  to  benzylidenemalonic  ester  [4].  Saponification  of  the  indicated  ester  gave  us  a-phenylethyl¬ 
malonic  acid  [4],  and  the  latter  on  decarboxylation  gave  us  6  -phenylbutyric  acid  [3].  This  experiment  again 
proves  that  the  organomagnesium  compound  adds  in  the  1>4  position.  The  reaction  of  ethylidenemalonic  ester 
with  propylmagnesium  bromide  gave  a-methylbutylmalonic  ester,  which  when  saponified  gave  a-methylbutyl- 
malonic  acid,  and  this  acid  on  decarboxylation  gave  the  previously  known  6 -methylcaproic  acid  [5]. 

The  reaction  of  ethylidenemalonic  ester  with  o-tolylmagnesium  bromide  and  isopropylmagnesium  bromide 
gave  a-(o-tolyl)ethylmalonic  ester  and  a,B -dimethylpropylmalonic  ester,  respectively,  and  these  esters  when 
saponified  and  decarboxylated  gave  the  corresponding  di-  and  monocarboxylic  acids. 

In  our  experiments  the  substituted  malonic  esters  were  obtained  in  yields  ranging  from  45  to  SO^o.  Conse¬ 
quently,  ethylidenemalonic  ester  reacts  more  smoothly  with  Grignard  reagents  than  does  isopropylidenemalonic 
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TABLE  1 

Alkylmalonlc  Esters  R  —  CH  —  CH(COOC|H|)j 


CH, 


R 

Yield 

[in 

Boiling  point 
[pressure  in 

Kim) 

d^> 

T.,»  ! 

1  1 

1  '/.c 

1  '/.H 

found 

calc. 

founcj 

calc. 

foun«j 

calc. 

Phenyl 

58.5 

134°  (2) 

1.0508 

1.4852 

71.42 

71.18 

67.97 

68.14 

7.46 

7.58 

o-Tolyl 

60  0 

142-143(2.5) 

1.0549 

1.4860 

75.66 

75.80 

68.95 

69.06 

7.81 

7.91 

n- Propyl 

60.0 

92—93  <2) 

0.973  J 

1.4259 

60..55 

60.92 

62.76 

62.61 

9.27 

9.57 

Iso- Propyl 

45.5 

85-87(2) 

0.9788 

1.4282 

60.48 

60.92 

62.32 

62.61 

9.36 

9.57 

TABLE  2 

Alkylmalonlc  Acids  R  —  CH  —  CH(COOH)j 


CH, 


U 

belting  point 

•/.  c 

1  %  H 

found 

calculated 

found 

calculated 

Phenyl  .... 

142-143° 

63.27 

63.45 

5.80 

5.77 

o-Tolyl  .... 

116—117 

64.58 

64.86 

6.40 

6.36 

n- Propyl  .  •  . 

91—  93* 

54.89 

55.17 

8.22 

8.04 

iso- Propyl  .  .  . 

89—  90.5 

55.20 

55.17 

8.34 

8.04 

*  From  a  mixture  of  benzene  and  chloroform. 
TABLE  3 

Alkylacetic  Acids  R  -  CH  -  CH,  -  COOH 


CH, 


K 

Boiling  point 
(pressure  in  mm) 

d?' 

MHj, 

•/ 

.c 

7. 

11 

found 

calc. 

found 

calc. 

found 

calc. 

Phenyl  •  • 

126—1280(1.5)* 

1.0701 

1.5155 

46.25 

46.32 

73.49 

73.17 

7.08 

7.32 

o-Tdlyl  •  . 

i  66- 167.5  (12)** 

— 

— 

— 

— 

73.89 

74.16 

7.99 

7.99 

n-  Propyl 

100—102(7) 

0.9163 

1.4216 

36.02 

36.16 

64.44 

64.62 

10.47 

10.77 

iso- Propyl 

90—91.5(6) 

0.9274 

1.4251 

35.85 

36.16 

64.54 

64.62 

10.82 

10.77 

•  The  cooled  mixture  solidified  to  crystals  with  m.p.  36.5—  38.5*  (from  petroleum 
ether). 

•  •  M.p.  45  -  47*. 
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ester  [6],  and  the  given  reaction  is  suitable  for  the  synthesis  of  alkylmalonic  esters  containing  secondary  radicals, 
which  are  difficultly  available  when  their  preparation  is  attempted  by  the  usual  technique* . 

EXPERIMENTAL 

The  starting  ethylidenemalonic  ester  was  prepared  from  malonic  ester  and  paraldehyde  [7],  and  it  had  the 
following  constants:  b.p.  86  -  87*  (3  mm),df  1.0404,  nj®  1.4395;  MRp  46.96. 

Reaction  of  organomagneslum  compounds  with  ethylidenemalonic  ester.  To  a  solution  of  the  organomag- 
nesium  compound,  prepared  from  7  g  of  magnesium,  0.25  mole  of  halo  compound  and  100  ml  of  absolute  ether, 
was  added,  with  ice-water  cooling,  in  drops,  with  mechanical  stirring,  46.5  g  of  ethylidenemalonic  ester.  Here 
a  thick  yellow  oil  was  obtained,  appearing  as  the  lower  layer  of  the  mixture.  To  complete  the  reaction,  the 
liquid  was  heated  on  the  water  bath  for  30  min,  then  cooled,  and  the  addition  product  was  decomposed  with  90 
ml  of  hydrochloric  acid  (1  ;  2).  The  ether  layer  was  separated,  while  the  water  layer  was  extracted  twice  with 
ether.  The  combined  ether  extracts  were  dried  over  fused  calcium  chloride,  the  ether  distilled  off,  and  the  resi¬ 
due  fractionated  in  vacuo. 

The  properties  of  the  thus  obtained  alkylmalonic  esters  are  given  in  Table  1. 

The  obtained  alkylmalonic  esters  were  saponified  by  heating  them  with  10%  alcoholic  KOH  solution  for 
3  hr;  then  the  solution  was  diluted  with  water,  the  alcohol  removed  completely  by  distillation,  and  the  residue, 
after  acidification  with  sulfuric  acid,  was  extracted  with  ether.  The  ether  extracts  were  dried  over  fused  calcium 
chloride,  followed  by  removal  of  the  ether  by  distillation.  The  residual  oil  soon  crystallized  [an  exception  was 
a-(o-tolyl)ethylmalonic  acid,  which  crystallized  only  when  kept  in  a  desiccator  over  sulfuric  acid  for  1.5  months]. 
The  alkylmalonic  acids  were  purified  by  recrystallization  from  benzene.  The  obtained  acids  are  listed  in  Table  2. 

The  alkylmalonic  acids  were  decarboxylated  by  heating  them  in  an  oil  bath  at  150  —  160*  until  the  evolu¬ 
tion  of  carbon  dioxide  ceased.  The  properties  of  the  alkylacetic  acids  obtained  in  this  manner  are  summarized 
in  Table  3. 

SUMMARY 

1.  The  addition  of  organomagneslum  compounds  to  ethylidenemalonic  ester  gave  the  following  esters: 
a-phenylethylmalonic,  a-(o-tolyl)ethylmalonlc,  a-methylbutylmalonic  and  a,B -dimethylpropylmalonic,  in 
yields  ranging  from  45  to  60%. 

2.  The  given  method  is  suitable  for  the  synthesis  of  alkylmalonic  esters  containing  highly  branched  se¬ 
condary  radicals. 
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HERBICIDES  AND  REGULATORS  OF  PLANT  GROWTH 

XXXIII.  SYNTHESIS  OF  SOME  HALOPHENOXYALKYLCARBOXYLIC  ACIDS 
AND  THEIR  DERIVATIVES 

N.  N.  Mel'nikov  and  S.  S.  Kukalenko 


In  previous  communications  we  had  described  a  large  number  of  different  halophenoxyalkylcarboxylic  acids 
and  their  derivatives,  containing  various  substitutents  in  the  aromatic  ring  [1  —  6],  including  alkyl-,  aryl-,  alkoxy- 
phenoxy-  and  halophenoxyacetic  and  butyric  acids,  and  also  the  corresponding  halophenoxyacetones  and  halo- 
phenoxyethanols  [7],  and  the  halonaphthoxyalkylcarboxylic  acids  and  their  derivatives  [8].  Of  the  halo-substi¬ 
tuted  aryloxyalkylcarboxylic  acids,  the  corresponding  chloro-  and  bromo-  derivatives,  some  of  which  find  quite 
wide  use  in  agriculture,  have  been  studied  in  the  greatest  detail  up  to  now,  whereas  quite  inadequate  study  has 
been  given  to  the  fluoro-substituted  aryloxyalkylcarboxylic  acids  [9].  The  only  fluoro  derivatives  reported  in 
the  literature  are  the  o-,  m-  and  p-fluorophenoxyacetic  acids  [10],  fluorophenoxyisobutyric  acid  [11],  4-methoxy- 
3-fluorophenoxyacetic  acid  [12],  2,4-dichloro-5-fluoro-  and  2,4-dichloro-3-fluorophenoxyacetic  acids  [13],  and 
several  other  compounds,  which  have  been  tested  as  plant  herbicides  [14].  Based  on  the  existing  literature  data, 
some  of  the  fluorine-  containing  halophenoxyacetic  acids  function  as  quite  active  stimulants  of  plant  growth  [13] 
and  as  herbicides  [14]. 

In  connection  with  a  study  of  the  relationship  existing  between  the  physiological  activity  of  halophenoxy¬ 
alkylcarboxylic  acids  on  plants  and  their  structure,  it  seemed  of  interest  to  synthesize  some  new  compounds  be¬ 
longing  to  the  indicated  type. 

The  compounds  obtained  by  us  and  their  properties  are  given  in  the  table. 

It  should  be  mentioned  that  the  herbicidal  activity  of  the  compounds  synthesized  by  us  does  not  surpass 
that  of  the  corresponding  chlorophenoxyalkylcarboxylic  acids. 

EXPERIMENTA  L 

4-Fluorophenol.  Obtained  by  the  saponification  of  p-fluoroanisole  with  hydrogen  bromide  in  acetic  acid. 

A  mixture  of  93  g  of  p-fluoroanisole,  112  ml  of  acetic  anhydride  and  205  ml  of  40%  hydrobromic  acid  was  heated 
under  reflux  for  8  hr.  Then  the  solution  was  diluted  with  1.5  liters  of  water,  and  the  p-fluorophenol  was  isolated 
in  conventional  manner.  Yield  55  g  (66%),  b.p.  86  —  87*  (16  mm).  From  the  literature  [15]:  b.p.  81  —  85*  (14  mm). 

Found  %:  C  64.48  ,  64.27;  H  4.79,  4.72.  CjHgOF.  Calculated  %:  C  64.28;  H  4.48. 

y -(4-Fluorophenoxy)butyric  acid  was  synthesized  in  the  same  manner  as  y -(2,4-dichlorophenoxy)butyric 
acid  [16].  To  the  sodium  ethylate,  obtained  from  4.75  g  of  sodium  metal  and  135  ml  of  alcohol,  was  added  32 
g  of  p-fluorophenol  and  54  g  of  l-chloro-3-bromopropane,  and  the  mixture  was  heated  for  4  hr  under  reflux. 

Then  the  solution  was  diluted  with  100  ml  of  water,  several  drops  of  20%  NaOH  solution  was  added,  to  a  strongly 
alkaline  reaction,  the  solution  extracted  with  benzene,  the  benzene  distilled  off,  and  the  residue  was  fractionated 
in  vacuo.  The  yield  of  y-(p-fluorophenoxy)propyl  chloride  was  20  g  (38%). 

B.p.  130  -  133*  (15  mm),  1.2519,  nJJ  1.5125. 

Found  %:  C  56.56;  H  5.31.  C9H10OCIF.  Calculated  %:  C  57.28;  H  5.30. 
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Properties  of  Halophenoxyalkylcarboxylic  Acids  and  Their  Derivatives 
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A  mixture  of  8.3  g  of  y -(p-fluorophenoxy)propyl 
chloride  and  7  g  of  potassium  cyanide  in  200  ml  of  alcohol 
was  heated  under  reflux  for  4  hr.  After  cooling,  the  reac¬ 
tion  mixture  was  diluted  with  50  ml  of  water,  and  the 
nitrile  was  extracted  with  benzene.  After  removal  of  the 
benzene,  the  crude  nitrile  was  saponified  by  refluxing  with 
6  g  of  KOH  in  75  ml  of  50^o  alcohol.  After  saponification, 
the  solution  was  acidified  and  then  extracted  with  benzene. 
The  y -(4-fluorophenoxy)butyric  acid  was  extracted  from 
the  benzene  solution  with  lO^o  aqueous  sodium  carbonate 
solution.  Acidification  of  the  alkaline  solution  gave  the 
acid  as  a  precipitate.  The  yield  was  4.5  g  (507<»).  The 
properties  of  the  acid  and  of  the  other  compounds  synthe¬ 
sized  by  us  are  given  in  the  table. 

The  esters  of  4-fluorophenoxyacetic  acid  were  pre¬ 
pared  by  esterifying  the  acid  with  the  proper  alcohol  in 
the  presence  of  a  drop  of  sulfuric  acid,  with  azeotropic 
distillation  of  the  reaction  water,  as  is  described  in  the 
literature  [17], 

Halogenation  of  4-fluorophenoxyalkylcarboxylic 
acids.  The  halogenation  of  the  4-fluorophenoxyacetic 
and  y-(4-fluorophenoxy)butyric  acids  was  run  in  carbon 
tetrachloride,  in  which  connection  the  chlorinations  were 
run  at  20  —  30*,  and  the  brominations  at  the  boiling  point 
of  the  solution.  At  the  end  of  reaction,  the  hydrogen 
halide  was  removed  by  blowing  with  dry  air,  followed  by 
removal  of  the  carbon  tetrachloride  by  distillation,  and 
then  the  obtained  acid  was  recrystallized  from  a  suitable 
solvent.  To  accelerate  the  bromination,  several  milli¬ 
grams  of  iodine  was  added  to  the  reaction  mixture.  The 
obtained  compounds  are  listed  in  the  table. 


SUMMARY 
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To  study  the  relationship  between  structure  and 
the  physiological  activity  on  plants,  we  synthesized  a 
number  of  previously  unknown  halophenoxyalkylcar¬ 
boxylic  acids  and  their  esters. 
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CHEMICAL  EQUALITY  OF  THE  CARBON  ATOMS 
IN  THE  TROPYLIUM  ION* 


M.  E.  Vol’pln,  D.  N.  Kursanov,  M.  M.  Shemyakin, 

V.  I.  Malmind  .and  L.  A.  Neiman 

Institute  of  Heteroorganic  Comppunds  of  the  Academy  of  Sciences  of  the  USSR 
and  the  Institute  of  Biological  and  Medicinal  Chemistry  of  the  Academy  of 
Medical  Sciences  of  the  USSR 


It  is  assumed  that  in  the  seven -membered  aromatic  system  —  the  tropylium  ion  [2]  —  all  of  the  carbon  — 
carbon  bonds  are  alike,  and  that  all  of  the  carbon  atoms  are  equivalent  and  bear  the  same  portion  of  the  posi¬ 
tive  charge.  However,  up  to  now,  there  has  been  no  direct  proof  that  such  an  assumption  is  valid.  An  attempt 
to  study  the  structure  of  the  tropylium  chloride  molecule  by  the  x-ray  technique  ended  in  failure  due  to  the 
complex  nature  of  the  crystal  structure  [3],  while  the  x-ray  data  relating  to  the  structure  of  tropylium  iodide 
and  the  perchlorate  did  not  permit  arriving  at  any  conclusion  as  to  the  equivalence  of  the  carbon  —  carbon 
bonds  due  to  a  "turning"  of  the  seven -membered  ring  in  the  crystal.*  *  Both  the  infrared  spectra  and  the  Raman 
spectra  of  tropylium  salts  [4]  show  a  small  number  of  lines,  which  is  in  harmony  with  the  high  symmetry  shown 
by  a  seven -membered  ring,  but  this  fact  by  itself  is  not  sufficiently  rigid  proof  that  all  of  the  carbon  —  carbon 
bonds  in  the  molecule  are  equivalent. 

In  this  paper  our  objective  was  to  prove  experimentally,  using  the  method  of  labeled  atoms,  the  chemical 
equality  of  all  seven  carbon  atoms  in  the  tropylium  ion. 


For  this  purpose  the  cycloheptatriene  (I),  labeled  with  in  the  methlene  group,*  *  *  was  converted  by 
the  earlier  described  procedure  [2]  to  dibromocycloheptatriene-C^^Hj  (II),  the  cleavage  of  HBr  from  which  gave 


*  See  [1]  for  the  previous  communication. 

*  *  Based  on  the  investigations  made  by  A.  I.  Kitaigorodskii  and  co-workers. 

*  *  *  Obtained  by  the  reaction  of  diazomethane with  benzene;  here  toluene,  in  which  all  of  the  is  found 
in  the  methyl  group,  is  formed  at  the  same  time. 
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TABLE  1 

Radioactivity  of  Tropylium  Saits  and  of  Benzoic  Acid 


Relative  activity 

Compound 

direct  measurement  j 
on  paper  I 

measurement  as 
BaC^'‘Q, 

imp/min 

1  per  mmole  | 

•/«  j 

imp/min 
per  mmole  j 

lJL 

Tropylium  bromide 

r>.57  •  i(f> 

1 

lOi) 

2.34  .  Ill-"' 

101) 

“Benzoic  acid  from  tropylium 
bromide 

0.742  •  10-' 

1.3.3 

0.298  .  KK' 

'  1 2.7 

Tropylium  chloride 

5.r>5  •  lOS 

1011 

2.31  .  lOS 

100 

Benzoic  acid  from  tropylium 
chloride 

0.755  •  10*^ 

1 

13.0 

0.294  .  lOii 

j 

12.7 

i 

tropylium-C*^  bromide;  the  latter  by  reaction  with  phenylmagnesium  bromide  was  converted  to  phenylcyclo- 
heptatriene-C^^,  which  on  oxidation  with  potassium  permanganate  gave  benzoic  acid. 

In  dibromocycloheptatriene-C^^Hj  (II),  independent  of  whether  it  was  formed  as  the  result  of  1,2;  1,  4; 
or  1,6  addition  of  Brj  to  the  double  bonds,  it  is  possible  for  all  of  the  atoms  to  be  linked  to  Consequently, 
if  a  fixed  bond  between  the  bromine  atom  and  one  of  the  carbon  atoms  in  the  ring  (polarized  covalent  bond  or 
an  ionic  bond,  as  in  an  ionic  pair)  is  retained  in  the  formed  tropylium bromide,  then  this  bromine  atom 
proves  to  be  linked  to  one  of  the  unlabeled  carbon  atoms,  as  shown  in  structure  (lUa).  The  second  possibility 
here  is  that  all  of  the  carbon  atoms  in  the  formed  tropylium  ion  are  equivalent  and  bear  the  same  portion  of 
the  positive  charge,  as  shown  by  structure  (Illb). 

The  problem  as  to  which  of  these  two  structures  is  valid  can  be  solved  in  the  following  manner. 

If  ttopylium-C^^  bromide  has  structure  (Ilia),  then  replacing  the  bromine  atom  by  the  phenyl  radical  should 
lead  to  a  phenylcycloheptatriene  in  which  the  phenyl  radical  is  not  linked  to  in  such  case  the  benzoic 
acid  formed  subsequently  by  oxidation  should  prove  to  be  unlabeled  (see  scheme  ).  If  all  of  the  carbon  atoms 
in  the  tropylium  ion  are  completely  equivalent,  corresponding  to  structure  (Illb),  then  the  probability  of  attack 
by  the  phenyl  group  will  be  the  same  for  all  of  them,  and  for  this  reason  the  oxidation  product  of  the  phenyl¬ 
cycloheptatriene,  namely  benzoic  acid,  should  contain  Vy  (i.e.,  14.3^)  of  the  original  activity.  Consequently, 
depending  on  the  activity  of  the  obtained  benzoic  acid  (0  or  14.3%),  it  is  possible  to  establish  whether  tropylium 
bromide  has  structure  (Ilia)  or  (Illb). 

To  show  that  the  obtained  results  are  independent  of  the  method  used  to  synthesize  the  tropylium 
salt,  we  ran  a  second  series  of  experiments  in  which  the  tropylium-C^^  salt  was  obtained  by  replacing  the  hydro¬ 
gen  in  the  CH*  group  of  cycloheptatriene-C^^  by  chlorine  using  phosphorus  pentachloride  [5].  The  thus  synthe¬ 
sized  tropylium-C^^  chloride  was  purified  by  conversion  to  the  perchlorate,  which,  when  reacted  with  phenyl¬ 
magnesium  bromide,  was  converted  to  the  phenylcycloheptatriene,  and  this  compound  was  then  oxidized  to 
benzoic  acid.  If  the  tropylium-C^^  chloride  corresponds  to  structure  (IVa),  then  the  benzoic  acid  that  is  formed 
should  contain  100%  of  the  original  molar  activity.  If  (IVb)  is  the  valid  structure,  i.e.,  all  of  the  carbon  atoms 
in  the  tropylium  ion  are  completely  equivalent,  then,  the  same  as  in  the  above  discussed  case,  the  benzoic  acid 
that  is  formed  should  contain  V7  (14.3%)  of  the  original  activity.  Consequently,  here  also  the  degree  of  activity 
shown  by  the  benzoic  acid  permits  deciding  between  structures  (IVa)  and  (IVb). 

We  used  two  different  methods  to  determine  the  activity  of  the  investigated  compounds:  by  direct 
measurement  on  paper  (see  [6]),  and  as  BaC^^Os.  The  results  of  the  measurements  are  given  in  Table  1. 

In  both  series  of  experiments  the  found  values  of  the  benzoic  acid  activity  (12.7  “  13.6%)  lie  close 
to  14.3%,  which  is  the  theoretical  value  to  be  expected  if  the  carbon  atoms  in  the  tropylium  ion  are  all  equal 
(structures  Illb  and  IVb).  The  slight  reduction  in  the  activity  when  compared  with  the  theoretical  is  apparently 
linked  with  the  isotopic  effect  [7].  The  latter  was  observed  in  studying  a  series  of  analogous  reactions,  and  was 
of  approximately  the  same  magnitude;  thus,  when  phenyllithium  was  reacted  with  chlorocyclohexene  [8],  the 
isotopic  effect  reduced  the  activity  of  the  benzoic  acid  (formed  when  the  phencylcyclohexene  was  oxidized)  from 
25  to  23%. 
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TABLE  2 


Determination  of  the  Radioactivity  of  Tropylium  Salts  and  of  Benzoic  Acid  by  Direct 
Measurement  on  Paper 


Compound 

Sample  wt. 

(In  mg) 

Amount  of 

1  solvent 

• 

0 

c 

i 

bl 

Rate  count 

in 

(imp/min) 

Relative  activity 

(in  impulses/min/mmole) 

Tropylium  perchlorate 
from  tropylium 
bromide 

13.4 

1  ml 

of  water . 

1 

2 

3 

4 

5 

382  ±  6 
405  ±  7 
377  ±  6 
382  ±  9 
415  ±  9 

•  (5.43  ±  0.08) .  105 
(5.76  ±  0.10)  •  105 
(5.36  ±  0.08)  .  105 
(5.43  ±  0.12)  •  105 
(.5.89  ±  0.12)  •  105 

! 

i 

Average  . 

.  (5.57  ±  0.10) .  105 

Tropylium  perchlorat< 
from  tropylium 
chloride 

;  23.7 

1  ml 
of  water 

1 

2 

3 

4 

699  ±  5 
695  ±  15 
684  ±  6 
684  ±  11 

(.5.62  ±  0.04) .  105 
(5..58  ±  0.12).  105 
(5..50  ±  0.0r>) .  105 
(5..50  ±  0.10)  .  105 

1 

Average  . 

.  (5.55  ±  0.08) .  105 

Benzoic  acid  from 
tropylium  bromioe 

19.4 

1 

1  ml  of 
alcohol  < 

\ 

1 

2 

3 

4 

5 

119  ±  4 
117  ±  2 
114  ±  3 
116  ±  2 
122  ±  2 

(0.749  ±  0.025)  .  105 
(0.737  ±  0.013) .  105 
(0.718  ±  0.O19)  .  105 
(0.729  ±  0.013)  •  105 
(0.7(i8  ±  0.013)  .  105 

Average  . 

.  (0.742  ±  0.017) .  105 

benzoic  acid  from 
tropylium  chloride 

19.4 

1  ml  of  . 
alcohol 

1 

2 

3 

4 

5 

121  ±  2 
121  ±  5 
126  ±  2 
117  ±  3 
114  ±  1 

(0.762  ±  0.01.3)  •  105 
(0.762  ±  0.031) .  1(>5 
(0.792  ±  0.013) .  105 
(0.737  ±  0.019) .  105 
(0.718  ±  0.0061  .  105 

1 

[ 

; 

1 

1 

Average  . 

.  (0.755  ±  0.016) .  105 

*  For  each  experiment  we  took  10  p  liters  of  the  investigated  solution 


The  obtained  results  unequivocally  show  the  chemical  equality  of  the  carbon  atoms  in  the  tropylium  ion. 
The  possibility  of  some  of  the  intermediate  reactions  (reaction  with  phenylmagnesium  bromide,  reaction  with 
PCi|,  conversion  of  tropylium  chloride  to  the  perchlorate)  going  with  a  partial  transfer  of  the  reaction  center 
does  not  change  the  validity  of  this  conclusion.  Actually,  if  tropylium  bromide  does  have  structure  (Ilia),  then 
if  any  of  the  reactions  went  with  a  partial  transfer  of  the  reaction  center,  the  benzoic  acid  that  is  obtained  should 
have  an  activity  intermediate  between  0  and  14.37o,  while  if  tropylium  chloride  has  structure  (IVa),  then  the 
activity  of  the  obtained  benzoic  acid  should  lie  between  100  and  14.3^0.  Consequently,  the  fact  that  the  values 
found  by  us  for  the  benzoic  acid  activity  show  good  agreement  in  both  series  of  experiments  is  evidence  that 
the  carbon  atoms  in  the  tropylium  ion  are  equivalent. 


EXPERIMENTA  L 

1.  Preparation  of  cycloheptatriene-C^*H2  and  toluene-C^*Ha  (analogous  to  [9]).  A  charge  of  2  liters  of 
benzene  and  300  ml  of  50^o  KOH  solution  was  placed  in  a  5-liter  porcelain  beaker,  cooled  to  5—  7*,  and  then 
150  g  of  nitrosomethylurea-C^^Hs*  was  added  in  small  portions  with  stirring.  The  stirring  was  continued  for 

*  The  nitromethylurea-C^^Hs  was  obtained  from  440  mg  of  C^^Hs  NH2  •  HCl  (total  activity  5  y  curies),  using 
the  earlier  described  procedure  [10],  and  then  it  was  made  up  to  150  g  by  dilution  with  unlabeled  nitrosomethy- 
lurea. 


3669 


TABLE  3 

Determination  of  the  Radioactivity  of  Tropylium  Salts  and  of  Benzoic  Acid  After  Con¬ 
version  to  BaC^^Os 


Compound 

•J  a  jRate  count 
E  in 

5  ^  imp/min)  | 

Relative  activity  (in 
imp/min/mmole) 

3.61 

! 

2805  ±  29  i 

(2.30  ±  0.023) .  105 

Tropylium  chloroplatinate 

1.91 

15.58  ±  4 

(2.41  ±  0.006)  •  105 

from  tropylium  bromide 

1.89 

3.39 

1505  ±  9 
2629  ±  31 

(2.35  ±  0.014)  •  lf)5 
(2.29  ±  0.025)  •  105 

1 

Average  .  .  (2.34  ±  0.017)  •  105 

2.18 

1606  ±  20 

(2.18  ±  0.027) .  105 

Tropylium  chloroplatinate 

2.30 

1806  ±  30 

(2.31  ±  0.038)  •  105 

from  tropylium  chloride 

2.51 

1985  ±  7 

(2.33  ±  0.008)  •  105 

2.91 

2413  ±  20 

(2.44  ±  0.020) .  105 

i 

Average  .  .  (2.31  ±  0.023)  •  105 

1 

f 

1.47 

360  ±  5 

(0.298  ±  0.004) .  105 

Benzoic  acid  from 

1 

1.96 

476  ±  6 

(0.295  ±  0.004) .  105 

tropylium  bromide  ^ 

2.87 

708  ±  8 

(0.301  ±  0.003)  •  105 

!  Average  .  (0.298  ±  0.004)  •  105 

/ 

1.69 

400  ±  3 

(0.289  ±  0.002) .  105 

Benzoic  acid  from 

1.82 

441  ±  4 

1  (0.295  ±  0.003) .  105 

tropylium  chloride 

1.90 

463  ±  5 

1  (0.297  ±  0.003)  •  105 

1  Average  .  (0.294  ±0. 003) -lO® 

*  The  amounts  of  radioactive  compounds  indicated  in  the  table  were  diluted  with  the 
corresponding  unlabeled  compounds  in  such  manner  that  the  total  amount  for  the  tropy¬ 
lium  chloroplatinate  was  30.0  mg,  while  for  benzoic  acid  it  was  12,4  mg  (these  amounts 
are  needed  to  obtain  an  "infinitely  thick"  layer  of  BaC^^03). 

another  15  min,  after  which  the  upper  layer  was  decanted,  while  the  water  layer  was  washed  several  times  with 
benzene.  The  obtained  benzene  solution  of  C^^HjNx,  after  drying  over  granulated  KOH  for  an  hour,  was  trans- 
fened  to  a  2.5  liter  flask,  and  then  irradiated  with  ultraviolet  light  at  5  -  7*  until  the  evolution  of  nitrogen 
ceased  (about  30  hr).  The  benzene  was  removed  by  distillation  through  a  rectification  column,  and  then  the 
residue  was  distilled.  We  obtained  3.19  g  of  a  mixture  containing  about  60^0  cycloheptatriene-C^^Hj  and 
about  40^0  of  toluene-C^^Hj  (refractometric  determination).  The  mixture  had  b.p.  112.5—  114.1*,  and  nf^ 
1.5121. 

2.  Preparation  of  tropylium -C^  bromide  (analogous  to  [2]).  To  a  solution  of  2.7  g  of  mixed  cyclohepta- 
triene-C '1^  and  toluene (containing  about  1.6  g  of  cycloheptatriene-C^^Hj)  in  25  ml  of  dry  CCI4  was 
added,  with  stining  and  ice-water  cooling,  a  solution  of  2.4  g  of  bromine  in  20  ml  of  dry  CCI4,  in  40  min. 

After  removal  of  the  CCI4  and  toluene-C^^Hs  by  distillation,  the  residue  was  heated  for  12  hr  at  60*  and  8  mm, 
and  then  for  8  hr  at  70*  and  0.2  mm.  The  obtained  tropylium-C^*  bromide  was  washed  with  dry  CCI4,  recrystal¬ 
lized  from  anhydrous  alcohol  (cooling  to  -50*),  and  washed  with  ether.  Yield  1.54  g  (60%). 

3.  Preparation  of  tropylium chloride  (analogous  to  [5]).  A  solution  of  0.5  g  of  the  mixed  cyclohep- 
tatriene-C’-f^  and  toluene-C^^Hj,  obtained  in  Expt.  1,  in  20  ml  of  CCl*  was  treated  with  5  g  of  PCI5,  and  the 
mixture  allowed  to  stand  for  24  hr  at  room  temperature.  The  obtained  precipitate  was  filtered,  and  the  filtrate 
was  used  to  isolate  the  toluene-C^^Hs  (see  Expt.  7),  while  the  precipitate  was  dissolved  cautiously  in  20  ml  of 
water.  Addition  of  excess  50%  HCIO4  solution  to  the  obtained  tropylium -C^  chloride  solution  gave  a  precipitate 
of  tropylium -C^  perchloroate. 
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4.  Preparation  of  phenylcyclohepiatriene-C^^.  To  a  solution  of  1.25  g  of  tropylium-C^^  bromide  in  30  ml 
of  anhydrous  ether  was  added,  with  stirring,  an  ether  solution  of  phenylmagnesium  bromide  (2-fold  excess), 
followed  by  refluxing  the  mixture  for  20  min.  After  cooling,  the  excess  phenylmagnesium  bromide  was  decom¬ 
posed  with  20%  hydrochloric  acid,  and  the  ether  layer  was  separated,  washed  with  lO/o  hydrochloric  acid,  water, 
lO'/o  KOH  solution,  again  with  water,  and  finally  it  was  dried  over  CaClj.  After  removal  of  the  ether,  the  residue 
was  vacuum-distilled.  We  obtained  1.16  g  of  phenylcycloheptatriene-C^^  (containing  a  small  amount  of  biphenyl 
as  impurity):  yield  94%.  Using  similar  conditions,  phenylcycloheptatriene-C^^  was  also  obtained  from  150  mg  of 
tropylium  perchlorate  in  10  ml  of  anhydrous  ether. 

5.  Oxidation  of  phenylcycloheptatriene-C^**.  A  mixture  of  1.16  g  of  phenylcycloheptatriene-C^^,  16  g  of 
KMn04,  2  ml  of  IN  NaOH  and  200  ml  of  water  was  refluxed  for  15  hr,  after  which  the  MnO^  precipitate  was 
filtered,  the  filtrate  (after  removing  the  biphenyl*  by  steam -distillation)  evaporated  to  a  volume  of  15—  20  ml, 
the  residue  acidified  with  coned,  hydrochloric  acid,  and  the  benzoic  acid  was  extracted  with  ether.  The  ether 
solution  was  extracted  with  IN  NaOH,  the  alkaline  extract  acidified  with  hydrochloric  acid,  and  the  obtained 
CsHsC^^OOH  was  recrystallized  from  water.  Yield  130  mg;  m.p.  120—  122". 

6.  Measurement  of  the  radioactivity  (with  the  help  of  M.  I.  Lerman).  a)  Determination  on  paper*  * 

(see  Table  2).  Because  of  their  hygroscopy  both  tropylium  bromide  and  the  chloride  were  first  converted 
to  the  perchlorate  [5];  the  benzoic  acid  was  used  directly. 

On  an  aluminum  target  (inside  diameter  18  mm)  was  placed  a  disk  of  filter  paper  (Whatman  No.  2)  of  the 
same  diameter.  The  weighed  sample  was  dissolved  in  1  ml  of  the  solvent  (water  for  tropylium  perchlorate,  and 
alcohol  in  the  case  of  benzoic  acid,  and  10  p  liters  of  this  solution  (amount  needed  to  form  a  blot  over  the  whole 
surface  of  the  disk)  was  placed  from  an  automatic  micropipette  in  the  center  of  the  filter  disk.  After  drying  in 
a  desiccator  over  coned.  H2SO4,  the  samples  were  measured  using  a  MST-17  block  counter. 

b)  Determination  as  barium  carbonate  (see  Table  3).  The  investigated  substance  was  burned  by  the  "wet 
method”,  in  which  connection  both  the  tropylium  bromide  and  the  chloride  were  first  converted  to  the  chloro- 
platinate  [5].  The  combustion  was  run  in  a  modified  Barker  apparatus  [11].  For  the  oxidation  of  30  mg  of  tropy¬ 
lium  chloroplatinate  we  used  a  mixture  composed  of  450  mg  of  A^Cr04,  600  mg  of  Na2S04,  900  mg  of  K2Cr04, 
and  7  ml  of  coned.  H2SO4  (see  [12]).  The  mixture  was  heated  for  1  hr  at  140—  150",  and  then  it  was  allowed 
to  stand  at  room  temperature  for  1  hr.  The  evolved  was  absorbed  in  barium  hydroxide  solution  with  con¬ 
stant  shaking.  The  obtained  BaC^^Os  specimens  were  prepared  by  the  V.  G.  Vasil'ev  method  [13]  for  measuring 
in  an  "infinitely  thick"  layer.  The  combustion  of  the  benzoic  acid  (sample  weight  12.4  mg)  was  run  under 
analogous  conditions;  the  mixture  was  heated  for  45  min  at  100",  and  then  allowed  to  stand  at  room  temperature 
for  1  hr. 

7.  Isolation  of  toluene-C^^Ha  and  determination  of  its  isotopic  composition.  The  filtrate  obtained  in 
Expt.  3, after  removal  of  the  tropylium chloride,  was  washed  with  water,  coned,  hydrochloric  acid,  water, 

40%  NaOH  solution,  again  with  water,  and  finally  it  was  dried  over  CaCl2.  After  distilling  off  the  CCI4  in  a 
rectification  column,  followed  by  distillation  of  the  residue,  the  latter  was  refluxed  for  10  hr  with  1  g  of  KMn04 
in  50  ml  of  water.  The  benzoic  acid  was  isolated  and  purified  in  the  same  manner  as  described  above.  The 
activity  of  the  benzoic  acid,  determined  after  "wet  combustion",  was  2.46  *  10®  impulses/  min/  mmole.  In 
addition,  the  obtained  benzoic  acid  was  decarboxylated  by  reaction  with  sodium  azide  and  100%  H2SO4  at  50  — 
60",  using  the  same  conditions  as  described  earlier  for  the  decarboxylation  of  CHsC^^OOH  [14]  in  the  Barker 
apparatus  [11].  The  evolved  C^^P2  was  converted  to  BaC^^Os,  the  activity  of  which  was  2.48  •  10®  impulses/  min/ 
/  mmole.  From  this  it  follows  that  all  of  the  is  contained  in  the  methyl  group  of  the  obtained  toluene. 

SUMMARY 

The  chemical  equality  of  the  carbon  atoms  in  the  tropylium  ion  was  shown  using 

*  By  means  of  special  experiments  it  was  shown  that  biphenyl  does  not  form  benzoic  acid  under  these  condi¬ 
tions. 

*  *  This  method  of  measuring  the  relative  radioactivity  ischaracterized  by  being  extremely  simple,  since  it  elimi¬ 
nates  the  need  of  burning  the  substance  and  forming  a  precipitate. 
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DEHYDROGENATION  OF  2  ,2 -D IMET  H  Y  LBUT  A  N  E 

L.  B.  Fisher,  M.  P.  Terpugova,  V.  P.  Kuznetsova, 
and  I.  L.  Kotlyarevskii 

Institute  of  Chemistry  of  the  Eastern  Siberia  Branch  of  the  Academy  of 
Sciences  of  the  USSR 


In  a  previous  paper  [1]  we  studied  the  dehydrogenation  of  2,3>dimethylbutane  and  found  that  on  catalysts 
from  domestic  raw  materials  this  reaction  goes  to  considerably  greater  completion  than  is  true  for  the  dehydro¬ 
genation  of  butane  [2].  Thus,  under  the  best  conditions,  the  catalyzate,  obtained  in  71  —12%  yield,  contains 
60  —  63%  of  unsaturated  hydrocarbons.  Up  to  87%  of  these  unsaturates  are  hexenes,  representing  approximately 
equal  amounts  of  2, 3-dimethyl -1 -butene  and  2,3-dimethyl-2-butene.  Besides  olefins,  the  catalyzate  contains 
substantial  amounts  of  dienic  hydrocarbons  (up  to  15%),  whereas  the  dehydrogenation  of  butane  and  isopentane, 
yields  only  small  amounts  of  dienic  hydrocarbons  [3  —  7]. 

TABLE  1 


Experiments  on  the  Dehydrogenation  of  2,2-Dimethylbutane 


o 

c 

as 

Reaction 

temperature 

Space  velocity 
(liter/liter  of 
catalyst/hr) 

Amount 
(in  ml) 

Yield  of 
catalyzate* 

(in  %) 

Characteristics  of 
catalyzate 

Yield  of  un- 
saturates  based 
on  starting  prod 
uct  (in  %) 

taken 

obtained 

iodine 

number 

unsatu¬ 
rates 
(in  %) 

10 

0.5 

8.01 

5.;{ 

00.10 

1..3768 

104 

34.4 

22.70 

1 

>  halP 

1 

()..3 

5.3 

84.12 

1..3762 

08 

24 

20.19 

4 

1 

0.6H 

4.59 

2.0 

.50.04 

1.38.52 

114 

37.7 

21.35 

5 

1  ,--,v 

1 

7.92 

.5.1 

04.39 

1.3790 

105 

.34.7 

22.34 

6 

i  .>70 

2 

8.28 

0.4 

77.29 

1..3770 

95 

.31.4 

24.27 

9 

1 

2.5 

8.37 

0.2 

74.07 

1..3708 

87 

29 

21.48 

3 

\ 

1 

0.12 

2.5 

40.86 

1..3900 

1.32 

43.6 

17.81 

7 

1  600 

2 

8.19 

4.5 

.54.94 

1..3791 

118 

39 

21.43 

8 

1 

2.5 

8.5ri 

4.8 

.50.14 

1.3782 

116 

38.3 

21. .50 

Remarks:  The  receiver  in  which  the  liquid  catalyzate  was  collected  was  cooled  to 
-18  to  -20*. 

Since,  as  far  as  we  know,  studies  on  the  dehydrogenation  of  disubstituted  butanes  have  not  been  published, 
we  continued  our  study  of  this  reaction  using  2,2-dimethylbutane.  Here  it  could  be  postulated  that  the  reac¬ 
tion  will  go  in  only  one  direction  with  the  formation  of  2, 2 -dimethyl -3 -butene. 

Our  study  of  the  dehydrogenation  of  2,2-dimethylbutane  was  made  using  two  different  catalysts:  a  catalyst 
from  domestic  raw  material,  and  a  commerical  catalyst.  In  the  case  of  the  latter,  the  yield  of  liquid  catalyzate 
under  the  optimum  conditions  was  75  —  77%,  and  it  contained  about  32%  of  unsaturated  hydrocarbons.  After 
removal  of  dissolved  gases,  the  amount  of  unsaturates  in  the  catalyzate  dropped  to  25.8%,  and  this  amount  was 
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TABLE  2 


Amount  of  catalyst 

(in  ml) 

Yield  of  cataly¬ 
zate  (in  %)  1 

Amt,  of  unsatura¬ 
ted  hydrocarbons 
in  the  liquid  cat¬ 
alyzate  (in  %) 

Degree  of  conver¬ 
sion  of  2,  2-di- 

methylbutane 
fin  %S _ 1 

Y ield  of  unsaturated 
hydrocarbons  based 
on  2,2-dimethyl¬ 
butane  (in  %) 

on  ma¬ 
terial 
passed 

on  re¬ 
acted 

material 

10 

20 

85.9 

87.3 

33.1 

30.6 

46.9 

44.4 

29.1 

26.9 

70.5 

68.9 

Remarks:  The  receiver  was  cooled  to  -50  to  -55*.  The 
space  velocity  was  equal  to  2,  and  the  temperature  was 
570*. 


TABLE  3 


Amount 

■ 

l-t 

V 

1 

2^ 

c 

Boiling 

range 

E 

•0  e 

Composition  of  the  fractions, 
according  to  the  Raman  spectra 

a 

0 

w 

0 

g 

■ 

■ 

=1 

a 

u 

2« 

u  3 

cd 

UL 

m 

m 

■0 

0 

OJ" 

S3 

1 

1  ^ 

15 

6.4 

1.3548 

348 

95.5* 

2- Methyl -1- butene  (main  prod- 

uct)  and  methylbutane 

2 

30—35 

5.5 

2.4 

1.3798 

326 

107** 

13.7 

2-Methyl- 1,3-butadiene* 

270 

4.7 

2 ,2"  aim  ethyl -3 -butene  and 
2-methylbutane  (traces) 

3 

35-42 

13.0 

5.5 

1..3788 

89.3 

2. 2-  Dimethyl-3 -butene  (main 
product)** *  .and  isoprene 

2.2- Dimethvl-3-butene  and 

4 

42—44 

8.5 

3.6 

1.3746 

177 

58.5 

0.3 

38 

12.5 

2 ,2-  dinicthylbutane 

5 

44—47.6**** 

16 

6.8 

1..3697 

— 

2,2-Dimethylbutane  (main  proc 

uct)  and  2,2-dimethyl-3-JJUt< 

(i 

47.6—48.1 

46 

19.5 

1..3688 

5 

1.6 

— 

- 

7 

48.1—48.8 

1 

112 

47.6 

1.3685 

0 

0 

*  The  amount  of  unsaturated  hydrocarbons  in  the  1st  fraction  was  calculated  on  C5. 

*  *  Both  of  the  double  bonds  in  the  dienic  hydrocarbons  show  partial  reaction,  and 
therefore  the  amount  of  unsaturated  hydrocarbons  >  lOO^o. 

•  •  •  After  removal  of  the  dienic  hydrocarbon,  the  fraction  contained  only  2,2-dimethyl- 
-3 -butene. 

•  •  •  *  The  5th  fraction  boiled  mainly  at  47  —47.6*. 

distributed  as  follows:  33.9^o  of  pentenes  and  isoprene,  48.4%  of  2,2-dimethyl-3-butene  (normal  reaction  pro¬ 
duct)  and  17.7%  of  isomerization  products,  mainly  tetramethylethylene  and  2,3-dimethylbutadiene.  These 
results  are  quite  different  from  those  given  in  the  American  patent  [8],  where  it  was  shown  that  the  dehydro¬ 
genation  of  2,2-dimethylbutane  on  an  alumina-chromia  catalyst  gave  a  14  -  15%  yield  of  mixed  hexenes, 
analyzing  70%  as  2,3-dimethylbutenes. 

To  determine  the  role  played  by  the  position  of  the  methyl  groups  in  substituted  butanes  on  the  course 
of  the  diermal  dehydrogenation,  we  studied  this  reaction  on  the  examples  of  2,2-  and  2,3-dim ethylbutanes  and 
found  that  here,  on  quartz,  under  the  optimum  conditions  for  catalytic  dehydrogenation,  2,2-dimethylbutane 
gave  half  as  much  unsaturates  as  2,3-dimethylbutane. 
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TABLE  4 


Starting 

hydrocarbons 

i 

Yield  of 
catalyzate 
(in  %) 

Analysis  of 
catalyzate 

Yield  of 
^maturate 
based  on  i 
crude  (in 

iodine 

number 

amt.  of 
unsatu- 
ratcs 
(In  %) 

1 

2 ,2  -  Dime  thy  1 1-  93.3  v 

27 

8.9 

8.3 

butane 

2,3-dimethyl- 

butane 

j  95.6  1 

50 

16.6 

15.9 

Remarks:  Reaction  temperature  570*,  space  velocity  2. 

*  The  Raman  spectrum  revealed  that  the  catalyzate  was 
mainly  starting  2,2-dimethylbutane  with  some  2,2-dimethyl- 
-3-butene  as  impurity. 


As  a  result,  due  to  the  presence  of  a  quaternary  carbon  atom  in  2,2-'dimethylbutane,  the  dehydrogenation 
(both  catalytic -^nd  thermal)  of  the  latter  is  greatly  inhibited  when  compared  with  that  of  2,3-dimethylbutane, 
butane.and  isopentane. 


EXPERIMENTA  L 


The  starting  2,2-dimethylbutane  (b.p.  47  —47.5*  at  720  mm,  np  1.3689)  was  obtained  by  the  thermal 
alkylation  of  isobutane  with  ethylene  under  high  pressure,  which  was  a  special  investigation  in  itself;  the  struc¬ 
ture  of  the  compound  was  proved  by  its  Raman  spectrum. 

The  dehydrogenations  were  run  in  the  apparatus  described  in  an  earlier  paper  [1].  The  methods  used  to 
determine  the  iodine  numbers  and  the  amounts  of  dienic  hydrocarbons  are  also  given  in  the  same  reference. 

The  effect  of  temperature  and  of  the  space  velocity  was  studied  using  a  catalyst  from  domestic  raw  ma¬ 
terial,  the  preparation  of  which  was  worked  out  by  us  jointly  with  M.  N.  Marushkin  and  A.  P.  Belen'kaya  [2]. 

The  data  on  the  dehydrogenation  of  2,2-dimethylbutane  using  this  catalyst  are  given  in  Table  1. 

As  can  be  seen  from  the  data  in  Table  1,  the  optimum  conditions  for  the  reaction  are  570*  and  a  space 
velocity  of  2  liters /liter  catalyst /hr.  The  gas  evolved  under  these  conditions  had  the  following  composition: 
hydrogen  53.2%,  unsaturated  hydrocarbons  12%,  and  saturated  hydrocarbons  34.8%. 

At  600*  and  a  space  velocity  of  2  or  2.5,  the  amount  of  unsaturates  in  the  catalyzate  rose  to  38  —  39%,  but 
because  of  increased  cracking,  the  catalyzate  yield  dropped. 

To  study  the  composition,  a  sufficient  amount  of  the  catalyzate  was  produced  on  the  catalyst  under  the 
conditions  given  in  Table  2. 

The  liquid  catalyzate,  after  removal  of  the  gases  (boiling  up  to  20*),  and  weighing  235.5  g,  was  fractionated 
through  a  column  with  an  efficiency  of  30  theoretical  plates,  and  distilled  in  the  range  20—  100*,  in  which  con¬ 
nection  90%  of  the  material  distilled  in  the  range  20  —  48.8*.  The  catalyzate  had  an  iodine  number  of  78,  and 
ng  1.3741. 

The  data  on  the  fractional  distillation  and  analysis  of  the  obtained  products  are  summarized  in  Table  3. 

The  hydrocarbons  in  the  different  fractions  were  identified  by  chemical  analysis  and  the  Raman  spectra. 

As  a  result,  the  1st  and  2nd  fractions  represent  2 -methy  1-1 -butene  and  isoprene;  the  3rd  fraction  is  mainly  2,2- 
dim  ethyl -3 -butene  with  some  isoprene  as  impurity;  the  4th  and  5th  fractions  are  a  mixture  of  2,2-dimethyl-3- 
butene  and  starting  2,2-dimethylbutane,  and  the  6th  and  7th  fractions  are  unreacted  2,2-dimethylbutane.  The 
still  residue  (boiling  mainly  at  59  —  74*)  proved  to  be  a  mixture  of  2, 3-dimethyl -1,3-butadiene  (20%)  and  te- 
tramethylethylene. 
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Table  4  diows  the  behavior  of  2,2-  and  2,3-ditnethylbutane  when  they  are  subjected  to  thermal  dehydro¬ 
genation  (on  quartz). 


SUMMARY 

1.  The  catalytic  dehydrogenation  of  2,2-dimethylbutane  was  studied,  and  it  was  shown  that  the  principal 
reaction  product  is  2, 2 -dimethyl -3 -butene. 

2.  It  was  established  that  the  dehydrogenation  of  2,2-dimethylbutane  is  greatly  inhibited  due  to  the  pre¬ 
sence  of  a  quaternary  carbon  atom  in  it. 
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INVESTIGATIONS  IN  N -S  U  BS  T  IT  UT  ED  INDAZOLE  SERIES 
IL  SYNTHESIS  OF  ACYLINDAZOIJES* 

Jao  Erh-Ch’ang  and  M.  N.  Shchukina 

S.  Ordzhonikidze  All-Union  Chemical-Pharinaceutical  Scientific 
Research  Institute 


Since  a  search  for  biologically  active  compounds  in  the  indazole  series  has  received  very  little  attention 
up  to  now,  we  undertook  the  task  of  synthesizing  a  number  of  derivatives  of  this  heterocycle,  containing  in  their 
structure  some  of  the  groupings  characteristic  of  certain  highly  active  medicinals.  For  example,  acylindazoles, 
and  especially  isonicotinoylindazoles,  have  much  in  common  with  the  highly  active  antitubercular  compounds 
derived  from  isonicotinoyl  hydrazide  (phthivazide,  Salizld,  larusan,  etc.)[l]. 

As  was  shown  by  the  investigations  of  von  Auwers  [2],  indazole  forms  two  series  of  acyl  derivatives.  The 
unstable  2-substituted  derivatives  are  formed  when  the  reaction  is  run  at  low  temperature,  which  rearrange  to 
the  stable  1 -Isomers  when  heated.  The  same  is  also  observed  for  the  isonicotinoyl  derivatives  of  indazole.  The 
reaction  of  indazole  with  the  hydrochloride  of  isonicotinoyl  chloride  at  5  —  10*  gave  us  a  compound  that  we 
assumed  to  be  2-isonicotinoylindazole,  since  when  heated  above  its  melting  point  it  rearranged  to  the  stable 
isomer.  The  latter  is  also  obtained  directly  if  the  acylation  is  run  in  boiling  solvent  (benzene  —  pyridine). 

We  obtained  the  isonicotinoylindazoles  by  heating  indazoles  with  the  hydrochloride  of  isonicotinoyl  chloride 
[5]  in  pyridine,  or  a  mixture  of  dry  benzene  and  pyridine,  for  several  hours.  For  the  syntheses  we  took  indazole, 
6-nitro-,  6-acetamido-,  6-hydroxy-  and  3-chloroindazole.  As  was  to  be  expected,  the  diisonicotinoyl  deriva¬ 
tive  was  obtained  in  the  case  of  6-hydroxyindazole. 

It  was  shown  by  us  that  the  isonicotinoyl  derivatives  of  indazole  and  its  derivatives  are  easily  hydrolyzed. 
Here  a  substituent  in  the  indazole  ring  affects  the  stability  of  the  N—  C  bond  between  the  indazole  and  the  acyl 
grouping  toward  hydrolytic  agents.  The  presence  of  electronegative  substituents,  like  chlorine  or  the  nitro  group, 
reduces  the  stability.  The  acylindazoles  obtained  by  us  were  tested  in  the  Division  of  Chemotherapy  of  the  All- 
Union  Chemical-Pharmaceutical  Scientific  Research  Institute,  and  proved  to  have  very  little  activity.  This 
confirms  the  conclusion  that  for  antitubercular  activity  it  is  insufficient  to  have  only  a  certain  arrangement  of 
the  atoms  and  bonds,  but,  in  addition,  it  is  necessary  to  retain  certain  groups.  In  particular,  for  antitubercular 
activity  in  the  series  of  isonicotinoyl  hydrazide  derivatives  it  is  necessary  to  have  the  hydrazine  amino  group 
present,  or  else  the  possibility  of  its  easy  formation.  These  factors  are  absent  in  the  isonicotinoyl  derivatives 
of  indazoles.  In  these  compounds,  the  same  as  is  true  of  the  1-alkylisonicotinoylhydrazines,  and  of  1-isoni- 
cotinoylpyrazole  and  its  dimethyl  derivatives  [6],  all  being  inactive  toward  the  tubercle  bacillus,  the  nitrogen 
linked  to  the  isonicotinoyl  radical  is  devoid  of  a  hydrogen  atom.  This  makes  it  impossible  for  isonicotinoylin¬ 
dazoles  to  form  complexes,  a  property  that  is  inherent  in  isonicotinoylhydrazine  and  its  hydrazones,  and  to  which 
a  number  of  authors  attribute  the  antitubercular  activity  shown  by  these  compounds  [7]. 

EXPERIMENT A  L 

1  -Isonicotinoylindazole.  A  mixture  of  4.92  g  of  isonicotinic  acid  and  50  ml  of  thionyl  chloride  was 
heated  under  reflux  for  5  hr.  When  reaction  was  done,  the  excess  thionyl  chloride  was  vacuum  distilled  at  the 
end  with  the  addition  of  dry  benzene.  To  the  suspension  of  the  obtained  isonicotinoyl  chloride  hydrochloride 
in  30  ml  of  dry  benzene  was  gradually  added,  with  stining,  a  suspension  of  3.54  g  of  indazole  in  a  mixture  of 


•Communication  I;  see  J,  Gen.  Chem.  1012  (1959), 
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40  ml  of  dry  benzene  and  6.5  ml  of  dry  pyridine.  The  mixture  was  refluxed  for  6  hr,  after  which  the  benzene 
solution  was  evaporated  to  dryness,  and  the  residue  was  washed,  first  with  water,  and  then  with  sodium  bicarbonate 
solution.  We  obtained  5.9  g  (88.2%)  of  colorless  compound  with  m.p.  138  -  139*.  Two  recrystallizations  of  the 
1-lsonlcotlnoyllndazole  from  alcohol  raised  the  m.p.  to  140  —  140.5*.  Colorless  needles,  readily  soluble  in 
chloroform,  ethyl  acetate  and  mineral  acids,  more  difficulty  soluble  in  alcohol,  benzene>and  ether,  and  insoluble 
in  petroleum  ether. 

Found  %:  C  69.88;  H  4.07;  N  19.00.  C13H9ON3.  Calculated  %;  C  69.94;  H  4.06;  N  18.83. 

1-Isonicotinoylindazole  (0.1  g)  was  added  to  15  ml  of  5%  hydrochloric  acid.  Here  the  free  base  dissolved, 
and  after  some  time  the  hydrochloride  separated  as  colorless  crystals.  Treatment  of  this  compound  with  sodium 
carbonate  solution  in  the  cold  gave  the  starting  acyl  derivative  of  the  indazole,  which  had  m.p.  140*,  and  failed 
to  depress  the  melting  point  when  mixed  with  the  pure  specimen. 

2"Isonicotinoylindazole.  To  a  suspension  of  2  g  of  isonicotinoyl  chloride  hydrochloride  in  20  ml  of  dry 
benzene  was  added,  with  stirring,  at  5—  10*,  a  solution  of  1.18  g  of  indazole  in  a  mixture  of  3  ml  of  dry  pyridine 
and  40  ml  of  benzene.  The  reaction  mixture  was  stirred  at  the  same  temperature  for  6  hr.  Then  the  precipitate 
of  pyridine  hydrochloride  was  filtered,  the  benzene  solution  was  evaporated  to  dryness  in  vacuo  at  room  tempera¬ 
ture,  and  the  residue  was  dried  in  a  vacuum  desiccator  over  sulfuric  acid.  We  obtained  2  g  of  compound  with 
m.p.  121  —  125*.  The  compound  was  dissolved  in  80  ml  of  dry  benzene,  the  small  amount  of  benzene-insoluble 
isonicotinoyl  chloride  hydrochloride  removed  by  filtration,  and  the  benzene  solution  was  treated  with  a  small 
amount  of  carbon  and  then  allowed  to  stand  overnight.  The  next  day  the  carbon  was  removed,  the  solution  was 
evaporated  in  vacuo  at  room  temperature  to  a  volume  of  serveral  milliliters,  and  the  obtained  precipitate  was 
filtered  and  dried  in  a  vacuum.  The  obtained  compound,  m.p.  126—  128*,  was  treated  with  absolute  ether.  Here 
we  obtained  the  pure  2-isonicotinoylindazole  with  m.p.  131  —  131.5*,  while  the  mixed  melting  point  with  the 
1-isomer  was  110-140*.  Colorless  needles,  readily  soluble  in  mineral  acids,  and  more  difficulty  soluble  in  alco¬ 
hol,  benzene.and  ether.  When  heated  above  its  melting  point,  2-isonicotinoylicdazole  is  converted  to  a  substance 
with  m.p.  139*,  which  fails  to  depress  the  melting  point  when  mixed  with  1-lsonicotinoylindazole. 

Found  %:  C  69.89;  H  4.09;  N  18.63.  CisHgONj.  Calculated  %:  C  69.94;  H  4.06;  N  18.83. 

1  -Isonicotinoyl-3-chloroindazole  was  synthesized  in  the  same  manner  as  1-isonicotinoylindazole.  Yield  90%. 

l-Isonicotinoyl-3-chloroindazole  was  obtained  from  alcohol  as  long  colorless  needles,  m.p.  142—  142.5*, 
readily  soluble  in  chloroform,  dichloroethane,  glacial  acetic  acid. and  mineral  acids,  more  difficulty  soluble  in 
ethyl  acetate,  benzene  and  alcohol,  and  difficulty  soluble  in  ether. 

Found  %:  C  60.42;  H  2.94;  N  16.54;  Cl  13.68,  13.84.  CijHgONsCl.  Calculated  %;  C  60.59;  H  3.13; 

N  16.31;  Cl  13.77. 

Treatment  of  0.1  g  of  l-isonicotlnoyl-3-chloroindazole  with  4  ml  of  5%  hydrochloric  acid  gave  the  hydro¬ 
chloride  as  colorless  prisms.  The  filtrate,  after  removal  of  the  hydrochloride,  on  standing  for  several  minutes 
gave  a  precipitate  with  m.'p.  148”,  which  failed  to  depress  the  melting  point  when  mixed  with  3-chloroindazole. 
Treatment  of  l-isonicotinoyl-3-chloroindazole  hydrochloride  with  sodium  carbonate  solution  gave  the  starting 
acyl  derivative  of  3-chloroindazole  with  m.p.  140-141*,  failing  to  depress  the  melting  point  when  mixed  with 
the  pure  specimen. 

1 -Isonicotinoyl -6-isonicotinoyloxyindazole.  To  a  suspension  of  isonicotinoyl  chloride  hydrochloride 
(obtained  from  6.15  g  of  isonicotinlc  acid)  in  20  ml  of  dry  benzene  was  gradually  added,  with  stirring,  2.68  g  of 
finely  ground  6-hydroxyindazole  in  a  mixture  of  30  ml  of  dry  benzene  and  8  ml  of  dry  pyridine.  The  reaction 
mixture  was  heated  in  a  glycerin  bath  at  80-85”  for  5  hr.  After  working  up  the  reaction  mass  in  the  same  manner 
as  described  for  the  preparation  of  1-isonicotinoylindazole,  we  obtained  3.76  g  of  a  colorless  compound  with 
m.p.  178  “  179*.  After  two  recrystallizations  from  alcohol  the  l-isonicotinoyl-6-isonicotinoyloxyindazole  had 
m.p.  184  ~  185.5”;  colorless  prisms,  readily  soluble  in  mineral  acids,  chloroform,  dichloroethane, and  glacial 
acetic  acid,  more  difficultly  soluble  in  alcohol,  benzene.and  ethyl  acetate,  and  difficulty  soluble  in  ether. 

Found  %:  C  66.18;  H  3.42;  N  16.47.  C19H12O3N4.  Calculated  %:  C  66.28;  H  3.51;  N  16.27. 

A  solution  of  0.1  g  of  1 -isonicotinoyl -6-lsonicotinoyloxyindazole  in  0.5  ml  of  5%  hydrochloric  acid  was 
allowed  to  stand  for  5  min,  after  which  it  was  neutralized  with  sodium  carbonate  solution,  and  the  obtained  pre¬ 
cipitate  was  filtered,  washed  with  water,  and  dried.  The  obtained  compound  had  m.p.  182”,  and  failed  to  depress 
the  melting  point  when  mixed  with  the  original  free  base. 
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1  -IsonicotlnoyI-6-acetamlclolndazole  was  synthesized  in  the  same  manner  as  1-isonicotinoylindazole. 
l-lsonkoiinoyl-6-aoetamidoinadazole  was  obtained  as  long  colorless  needles  with  m.p.  251  —  252*,  readily 
soluble  ill  glacial  acetic  acid  and  pyridine,  more  difficultly  soluble  in  acetone,  alcohol, and  ethyl  acetate,  and 
almost  insoluble  in  ether. 

Found  7o:  C  fvi.35;  H  4.36;  N  19.82.  C15H12O2N4.  Calculated  %  C  64.28;  H  4.32;  N  19.99. 

The  trituration  of  0.05  g  of  l-isonicotinoyl-6-acetamidoindazole  with  2  ml  of  57o  hydrochloric  acid  gave 
the  hydrochloride.  Treatment  of  the  hydrochloride  with  sodium  carbonate  solution  in  the  cold  gave  the  starting 
acyl  derivative  of  6-acetamidoindazole,  which  had  m.p.  251*,  and  failed  to  depress  the  melting  point  when 
mixed  with  the  pure  specimen. 

l-lsonicotinoyl-O-nitroindazole.  To  a  suspension  of  isonicotinoyi  chloride  hydrochloride  (prepared  from 
1.02  g  of  isonicotinic  acid  and  8  ml  of  thionyl  chloride)  in  15  ml  of  dry  pyridine  was  added  1.22  g  of  6-nitroin- 
dazole,  in  portions,  with  stirring.  The  mixture  was  heated  at  100  “  110*  for  4  hr.  The  reaction  mass  was  worked 
up  the  same  as  in  the  preceding  experiment.  We  obtained  1.71  g  of  substance  with  m.p.  201  —  204*.  Two  re¬ 
crystallizations  from  alcohol  gave  l-isonicotinoyl-6-nitroindazole  as  fine  colorless  needles  with  m.p.  214  —  215*, 
readily  soluble  in  acetone,  chloroform, and  mineral  acids,  more  difficultly  soluble  in  alcohol  and  benzene,  and 
very  difficulty  soluble  in  ether. 

Found  7o;  C  58.01,  58.08;  H  3.07,  2.93;  N  20.94.  C13HJO3N4.  Calculated  C  58.21;  H  3.01;  N  20.89. 

A  mixture  of  0.1  g  of  l-isonicotinoyl-6-nitroindazole  and  3  ml  of  dry  quinoline  was  refluxed  for  45  min. 

After  cooling,  the  mixture  was  diluted  with  petroleum  ether,  and  the  obtained  precipitate  was  filtered,  washed 
with  petroleum  ether,  and  dried.  The  obtained  substance  had  m.p.  213—  214*;  the  mixed  melting  point  with 
l-isonicotinoyl-6-nitroindazole,  obtained  as  described  above,  was  not  depressed. 

A  solution  of  0.1  g  of  l-isonicotlnoyl-6-nitroindazole  in  35  ml  of  57o  hydrochloric  acid  was  cooled  ef¬ 
ficiently,  and  then  made  alkaline  with  sodium  carbonate.  The  obtained  precipitate  was  filtered  and  washed, 
first  with  sodium  carbonate  solution,  and  then  with  water.  The  obtained  substance  had  m.p.  178*,  and  failed  to 
depress  the  melting  point  when  mixed  with  6-nitroindazole. 

l-Nicotinoyl-6-nitroindazole  was  obtained  in  the  same  manner  as  l-isonicotinoyl-6-nitroindazole.  Two 
recrystallizations  from  benzene  gave  6-nitro-l-nicotinoylindazole  as  colorless  needles  with  m.p.  173“  174*,  readily 
soluble  in  acetone  and  dilute  mineral  acids,  more  difficulty  soluble  in  alcohol  and  benzene,  and  insoluble  in 
water. 

Found  C  58.51;  H  3.01;  N  20.95,  20.90.  CJ3H3O3N4.  Calculated  C  58.21;  H  3.01;  N  20,89. 

l-(p-Nitrobenzoyl)-6-nltroindazole  was  synthesized  in  the  same  manner  as  l-isonicotinoyl-6-nitroindazole. 
l-(p-Nitrobenzoyl)-6-nitroindazole  was  obtained  as  long  colorless  needles  (from  acetone)  with  m.p.  234  —  235*, 
soluble  in  hot  ethyl  acetate  and  hot  chloroform,  more  difficulty  soluble  in  acetone,  methyl  alcohol, and  ethyl 
alcohol,  and  almost  insoluble  in  ether. 

Found  7o:  C  53.83;  H  2.49;  N  18.10.  C14H8O5N4.  Calculated  C  53.85;  H  2.58;  N  17.95. 

SUMMARY 

1.  We  synthesized  the  1-  and  2-isonicotinoylindazoles,  and  a  number  of  their  3-  and  6-substituted  deri¬ 
vatives. 

2.  It  was  shown  that  2-isonicotinoylindazole  rearranges  to  1-isonicotinoylindazole  when  heated  above  its 
melting  point. 

3.  It  was  shown  that  a  substituent  in  the  indazole  ring  affects  the  stability  of  the  N  —  C  bond  between  the 
indazole  ring  and  the  acyl  group. 
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INVESTIGATIONS  IN  N -S  U  BST  IT  UT  ED  INDAZOLE  SERIES 
m.  SYNTHESIS  OF  N-THIOCARBAMOYL  DERIVATIVES  OF  INDAZOLE* 

Jao  Erh-Ch’ang  and  M.  N.  Shchukina 

S.  Ordzhonikidze  All‘*Union  ChemicalPharmaceutical  Scientific  Research  Institute 


The  thiocarbamoyl  derivatives  of  indazole  can  be  regarded  as  cyclized  aromatic  thiosemicarba  zones  or 
as  substituted  thioureas.  Since  highly  active  antitubercuiar  compounds  [1]  belong  to  these  two  classes  of  com¬ 
pounds,  it  seemed  to  interest  to  synthesize  compounds  of  a  similar  type  for  testing  as  antibacterials. 


Of  the  thiocarbamoyl  compounds  in  the  indazole  series  only  the  phenylthiocarbamoylindazole  [2]  is  known, 
obtained  by  heating  indazole  with  phenyl  Isothiocyanate.  We  used  different  methods  to  synthesize  the  thio- 
carbamoylindazoles,  substituted  in  the  indazole  ring  and  also  on  the  nitrogen  of  the  thiocarbamoyl  radical.  Thus, 
N-thiocarbamoyl-6-hydroxyindazole  (I)  was  obtained  in  low  yield  by  heating  6-hydroxyindazole  with  ammonium 
thiocyanate  in  chlorobenzene  medium ,  with  the  simultaneous  passage  of  a  stream  of  hydrogen  chloride. 


HO—' 


4  NH4SCN 


IlCI 


11 


HO— 


N 

I 
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I 

NH2 
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Only  the  primary  amino  group  in  6-aminoindazole  reacts  with  ammonium  thocyanate,  and  even  employ¬ 
ing  a  large  excess  of  ammonium  thiocyanate  gave  us  only  N-(6-lndazolyl)thiourea  (II). 

Reaction  failed  to  go  when  we  heated  6-nitroindazole  with  ammonium  thiocyanate  under  various  condi¬ 
tions,  and  only  the  starting  6-nitroindazole  was  isolated  from  the  reaction  mixture.  The  heating  of  6-nitroin- 
dazole  with  phenyl  isothiocyanate  or  with  acetyl  isothiocyanate  also  failed  tc  yield  the  corresponding  thio¬ 
carbamoyl  derivatives.  Indazole  itself  also  fails  to  react  with  ammonium  thiocyanate,  but  it  does  react  with 
phenyl  isothiocyanate. 

A  general  method  for  obtaining  N-thiocarbamoyl  derivatives  of  indazole  was  found  in  the  reaction 
of  thiophosgene  [3,  4]  with  indazole  and  its  derivatives,  followed  by  reacting  the  indazolylthiocarbamoyl  chlorides 
obtained  in  this  manner  with  either  ammonia  or  primary  and  secondary  amines. 

The  reaction  of  the  indazole  with  thiophosgene  was  run  in  dry  ether  with  cooling,  using  pyridine  as  the 
condensation  agent.  To  obtain  the  thiocarbamoyl  derivatives,  we  took  the  thus  formed  indazolylthiocarbonyl 
chloride  in  ether  solution,  without  isolation,  and  reacted  it  with  ether  excess  ammonia  or  amines.  Reaction 
with  ammonia  gave  the  thiocarbamoylindazole  (III),  while  reaction  with  piperidine  gave  l(2)-(N-piperidyl)- 
thiocarbamoylindazole  (IV). 


*  Communication  It  see  J.  Gen.  Chem.  29,  3720  (1959). 
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(IV)  (VI)  (vni) 


To  obtain  N-(6-nitroindazolyl)thiocarbonyl  chloride  it  proved  necessary  to  heat  6-nitroindazole  with  a  large 
excess  of  thiophosgene  in  benzene  at  55-65’.  The  condensation  agent  used  in  this  case  was  triethylamine.  The 
condensation  of  6-nitroindazolylthiocarbonyl  chloride  with  ammonia  or  the  proper  amine  gave  us  the  four  thio- 
carbamoyl  derivatives  of  6-nitroindazole,  (V),  (VI),  (VII)  and  (VIII). 

We  were  unable  to  prove  fully  the  structure  of  the  obtained  thiocarbamoyl  derivatives,  either  of  the  1-  or 
the  2 -substituted  derivatives;  however,  by  analogy  with  the  carbamoyl  derivatives  of  indazole  described  in  [5], 
it  is  possible  to  assume  that  the  compounds  synthesized  by  us  are  the  1 -substituted  derivatives.  When  they  were 
heated,  in  not  a  single  case  was  their  transition  to  the  more  stable  isomer  observed,  as  was  described  for  the  2- 
carbamoyl  derivatives,  which  undergo  rearrangement  to  the  1- isomers  when  heated. 

In  the  course  of  synthesizing  the  thiocarbamoyl  derivatives  we  observed  that  a  relationship  exists  between 
the  stability  of  these  compounds  and  the  substituent  found  in  the  indazole  ring,  and  also  in  the  thiocarbamoyl 
radical.  Both  N-thiocarbamoylindazole  and  N-thiocarbamoyl-6-nitroindazole  are  very  unstable:  even  when  re- 
crystallized  from  a  low-boiling  solvent  (for  example,  benzene  or  alcohol),  they  decompose  with  the  formation 
of  the  corresponding  indazoles.  A  hydroxyl  group  in  the  6  position  substantially  enhances  the  stability  of  the  bond 
between  the  indazole  nucleus  and  the  thiocarbamoyl  group:  N-thiocarbamoyl-6-hydroxyindazole  is  obtained  at 
110-120*,  and  can  be  recrystallized  from  boiling  water. 

Phenylthiocarbamoylindazole  can  be  recrystallized  from  alcohol,  whereas  p-ethoxyphenylthiocarbamoyl- 
6-nitroindazole,  when  recrystallized  from  alcohol,  decomposes  into  6-nitroindazole  and  p- ethoxy  phenyl  isothio¬ 
cyanate.  The  instability  of  this  compound  is  apparently  due  to  the  presence  of  a  nitro  group  in  the  6  position  of 
the  indazole  nucleus.  N,N-Disubstituted  derivatives  of  thiocarbamoylindazole  are  more  stable  than  the  compounds 
having  an  unsubstituted  amino  group  in  the  thiocarbamoyl  radical.  Derivatives  with  one  substituent  on  the  nitrogen 
in  the  thiocarbamoyl  group  occupy  an  intermediate  position  in  this  respect.  The  instability  shown  by  the 
N-monosubstituted  and  unsubstituted  thiocarbamoyl  derivatives  of  indazole  and  6-nitroindazole  explains  why  we 
were  unable  to  obtain  the  thiocarbamoyl  derivatives  of  indazole^and  6-nitroindazole,  either  by  heating  the  latter 
compounds  with  ammonium  or  potassium  thiocyanate  in  an  acid  medium,  or  by  heating  6-nitroindazole  with 
phenyl  isothiocyanate. 

The  compounds  obtained  by  us  were  tested  for  their  antibacterial  action.*  l(2)-Thiocarbamoyl-6-hydroxy- 
indazole  has  a  quite  high  tuberculostatic  action  and  inhibits  the  growth  of  the  human  strain  of  tubercle  bacillus  at 

•The  testing  was  done  in  the  Division  of  Chemotherapy  of  the  All-Union  Chemical-Pharmaceutical  Scientific 
Research  Institute  under  the  supervision  of  G.  N.  Pershin,  for  which  the  authors  wish  to  thank  him. 
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a  dilution  of  1:256,000;  l(2)-phenylthio-carbamoylindazole  is  somewhat  less  active  (the  maximum  tuberculostatic 
dilution  is  1:128,000). 


EXPERIMENTAL 

l(2)-Thiocarbamoyl-6~hydroxyindazole  (I).  A  stream  of  dry  hydrogen  chloride  was  passed  for  10  min  ,  at 
110-120*,  with  stirring,  into  a  mixture  of  1.34  g  of  finely  ground  6-hydroxyindazole  and  0.91  g  of  dry  powdered 
ammonium  thiocyanate  in  15  ml  of  chlorobenzene.  Then  the  mixture  was  heated  at  the  same  temperature  for 
4  hr.  During  this  time  a  stream  of  dry  hydrogen  chloride  was  passed  through  the  mixture  for  10  min  at  20  min 
intervals.  The  chlorobenzene  was  vacuum  distilled,  and  the  residue  was  heated  with  15  ml  of  water  at  the  boil. 
After  cooling,  the  product  was  filtered  and  dried.  We  obtained  0.23  g  (11.9“/p)  of  substance  with  m.p.  166  -169*. 
Two  recrystallizations  from  water  gave  l(2)-thiocarbamoyl-6-hydroxyindazole  as  colorless  needles  with  m.p. 
169.5-170.5",  readily  soluble  in  acetone,  alcohol.and  hot  water,  and  difficultly  soluble  in  cold  water. 

Found  ojo:  C  49.81,  49.84;  H  4.00,  3.76;  N  21.67;  S  16.22.  QHtONjS.  Calculated  C  49.73;  H  3.65; 

N  21.75;  S  16.59. 

Neutralization  of  the  water  filtrate  with  ammonia  gave  0.71  g  of  starting  6-hydroxyindazole. 

N-<6-Indazolyl)thiourea  (II).  a)  To  a  solution  of  6.65  g  of  6-aminoindazole  in  40  ml  of  water  and  6  ml  of 
coned,  hydrochloric  acid  was  added,  with  stirring,  4.1  g  of  ammonium  thiocyanate  in  5  ml  of  water.  The  mixture 
was  heated  on  the  water  bath  for  1  hr,  allowed  to  stand  for  1  hr  at  room  temperature,  and  then  it  was  evaporated 
slowly  to  dryness.  The  residue  was  triturated  with  40  ml  of  water,  and  the  mixture  was  again  slowly  evaporated 
to  dryness  on  the  water  bath.  The  residual  yellow  substance  was  heated  for  another  5  hr,  after  which  the  residue 
wa.s  ground  and  slowly  heated  with  25  ml  of  water  to  70"  with  stirring.  After  cooling  to  35",  the  crystalline  sub¬ 
stance  was  filtered,  washed  with  30  ml  of  cold  water,  and  dried.  We  obtained  7.8  g  of  substance  with  m.p.  189- 
190*  (decompn.).  N-(6-Indazolyl)thiourea  was  obtained  as  colorless  prisms  (from  bQf’Jc  aqueous  alcohol)  with  m.p. 
190-191"  (decompn.),  soluble  in  acetone  and  hot  alcohol,  difficultly  soluble  in  hydrochloric  acid,  and  very 
difficultly  soluble  in  benzene,  ether,  and  chloroform.  The  substance  fails  to  give  a  positive  isonitrile  test,  charac¬ 
teristic  for  primary  amines. 

Found  7p:  C  50.01;  H  4.26;  N  29.21;  S  16.65.  C,H,N4S.  Calculated  C  49.98;  H  4.19;  N  29.15;  S  16.68. 

b)  A  mixture  of  6.65  gof6-aminoindazole.  9.12gofammonium  thiocyanate,  30  ml  of  glacial  acetic  acid 
and  2.5  ml  of  water  was  heated  at  80-95"  for  6  hr.  The  obtained  precipitate  was  filtered,  washed  with  cold  water, 
and  dried.  We  obtained  4.88  g  of  yellow  compound  with  m.p.  189"  (decompn.);  after  two  recrystallizations  the 
compound  had  m.p.  191"  (decompn.),  and  did  not  depress  the  melting  point  when  mixedwith  the  specimen  ob¬ 
tained  by  method  a. 

The  acetic  acid  filtrate  was  heated  for  another  10  hr  at  120”.  After  cooling,  the  obtained  precipitate  was 
filtered,  washed  with  water,  and  dried.  We  obtained  1.66  g  of  yellow  compound;  after  recrystallization  from  al¬ 
cohol  this  compound  had  m.p.  243-245*,  which  corresponds  to  the  literature  data  for  6-acetamidoindazole.  The 
mixed  melting  point  with  an  authentic  specimen  was  not  depressed. 

l(2)-Thiocarbamoylindazole  (HI).  To  a  solution  of  2.3  g  (1.52  ml)  of  thiophosgene  in  50  ml  of  absolute 
ether  was  added,  with  stirring,  at  -5  to  0",  in  drops,  over  a  period  of  1.5  hr,  a  solution  of  2.36  g  of  indazole  and 

l. 58  g  of  dry  pyridine  in  150  ml  of  absolute  ether,  after  which  the  reaction  mass  was  stirred  at  room  temperature 
for  another  0.5  hr.  The  obtained  precipitate  was  filtered  and  washed  with  dry  ether.  With  stirring  and  ice  cool¬ 
ing,  a  stream  of  dry  ammonia  was  passed  through  the  ether  solution  for  30  min,  after  which  the  mixture  was  stirred 
at  room  temperature  for  another  0.5  hr.  The  precipitate  of  ammonium  chloride  was  filtered  and  washed  with  ether, 
and  the  ether  solution  was  evaporated  to  dryness  in  vacuo  to  give  2.94  g  (83.1*70)  of  light-yellow  compound  with 

m. p.  81-83".  For  analysis,  the  specimen  was  purified  by  recrystallization  from  ether.  Colorless  prisms  with  m.p. 
87-87.5",  readily  soluble  in  alcohol  and  acetone. 

Found  <7o:  C  54.41;  H  4.13;  N  23.56.  CjHyNjS.  Calculated  ‘T-:  C  54.22;  H  3.98;  N  23.71. 
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l(2)-(N-Piperidyl)thiocarbonylindazole  (IV).  To  an  ether  solution  of  N-indazolylthiocarbonyl  chloride 
(prepared  from  2.3  g  of  thiophosgene  and  2.36  g  of  indazole  by  the  above  described  method)  was  added,  with 
stirring  and  ice  cooling,  in  drops,  a  solution  of  3.42  g  of  dry  piperidine  in  10  ml  of  absolute  ether,  after  which 
the  reaction  mixture  was  stirred  for  another  hour  at  room  temperature.  After  removal  of  the  precipitate  of 
piperidine  hydrochloride,  the  ether  solution  was  evaporated.  We  obtained  4.3  g  of  a  mixture  of  yellow  crystals 
and  an  oil.  This  mixture  was  treated  with  a  small  amount  of  absolute  ether,  and  the  precipitate  was  filtered. 

We  obtained  1.56  g  of  yellow  substance  with  m.p.  99-103°.  After  two  recrystallizations  from  alcohol,  m.p. 
103-103.5°.  l(2)-(N-Piperidyl)thiocarbamoylindazole  was  obtained  as  light-yellow  prisms,  readily  soluble  in 
ether,  chloroform  .and  benzene,  and  moderately  soluble  in  alcohol. 

Founder  C  63.69;  H  6.03;  N  17.43;  S  13.00,  13.15.  CuHjgNsS.  Calculated  C  63.64;  H  6.16;  N  17.13; 

S  13.07. 

Evaporation  of  the  ether  mother  liquor  gave  a  viscous  brown-yellow  oil,  which  failed  to  crystallize  even 
when  allowed  to  stand  for  a  long  time.  The  oil  distilled  at  118°  (0.01  mm),  but  most  of  it  decomposed  during 
the  distillation.  A  small  amount  of  substance  with  m.p.  144-145°  was  isolated  from  the  distillate,  which  proved 
to  be  indazole. 

l(2)-Thiocarbamoyl-6-nitroindazole  (V).  To  a  solution  of  2.3  g  of  thiophosgene  in  50  ml  of  anhydrous 
benzene  was  added,  with  stirring,  at  55-65*,  in  2  hr,  a  solution  of  1.63  g  of  6-nitroindazole  in  320  ml  of  an¬ 
hydrous  benzene  and  1.11  g  of  trie  thy  la  mine.  The  stirring  was  continued  at  the  same  temperature  for  another 
2.5  hr.  The  precipitate  of  triethylamine  hydrochloride  was  filtered.  The  filtrate  was  evaporated  in  vacuo  to 
dryness.  To  remove  the  thiophosgene  completely,  the  residue  was  treated  with  60  ml  of  anhydrous  benzene,  and 
the  mixture  again  evaporated  to  dryness.  A  stream  of  dry  ammonia  was  passed  for  45  min,  with  stirring,  at  -14 
to  -10*,  into  a  solution  of  the  obtained  N-(6-nitroindazolyl)  thiocarbonyl  chloride  in  160  ml  of  dry  toluene,  after 
which  the  mixture  was  stirred  at  the  same  temperature  far  another  hour.  The  obtained  precipitate  was  filtered 
(6-nitroindazole  was  isolated  from  the  toluene  filnrate);  the  precipitate  was  washed  with  a  little  dry  benzene  and 
then  dissolved  in  40  ml  of  acetone.  After  removal  of  the  ammonium  chloride,  the  solution  was  decolorized  with 
carbon  and  then  evaporated  in  vacuo  at  room  temperature  to  a  volume  of  3  ml,  after  which  the  obtained  pre¬ 
cipitate  was  filtered  and  dried  in  vacuo.  The  obtained  light-yellow  substance  had  m.p.  182-184*  (decompn.). 
l(2)-Thiocarbamoyl-6-nitroindazole  was  obtained  as  light-yellow  prisms,  readily  soluble  in  acetone,  and  more 
difficultly  soluble  in  alcohol,  benzene,  chloroform,  and  ether. 

Found  fl/o:  C  43.69;  H  2.91;  N  25.18,  25.22;  S  14.50.  C,H608N4S.  Calculated  C  43.24;  H  2,72;  N  25.21; 

S  14.43. 

1(2) -(p  -Ethoxyphenyl)thiocarba moyl-6 -nitroindazole  (  VI) .  To  a  solution  of  N-(6-nitroindazolyl)thiocarbonyl 
chloride  (prepared  from  2.3  g  of  thiophosgene  and  1.63  g  of  6-nitroindazole  by  the  method  described  in  'he  pre¬ 
ceding  experiment)  in  130  ml  of  anhydrous  benzene  was  added,  with  stirring,  at  room  temperature,  in  50  min, 
a  solution  of  2.74  g  of  freshly  distilled  p-phenetidine  in  30  ml  of  anhydrous  benzene.  Then  the  reaction  mixture 
was  stirred  for  another  3.5  hr.  When  reaction  was  done,  the  precipitate  of  p-phenetidine  hydrochloride  was  fil¬ 
tered  and  washed  with  20  ml  of  dry  benzene.  The  combined  solution  was  vacuum  evaporated  in  the  cold  to  dry¬ 
ness,  and  the  residue  was  washed  with  37  ml  of  anhydrous  alcohol.  The  residual  yellow  substance  (0.57  g),  after 
drying  in  vacuo,  had  m.p.  129-132°.  The  substance  was  dissolved  in  145  ml  of  benzene  and  treated  with  carbon; 
the  solution  was  evaporated  in  vacuo  at  room  temperature  to  a  volume  of  about  8  ml,  and  the  obtained  precipitate 
was  filtered  and  vaccum  dried.  l(2)-(p-Ethoxyphenyl)  thiocarbamoyl-6-nitroindazole  was  obtained  as  yellow 
prisms  with  m.p.  132-133*,  readily  soluble  in  acetone  and  alcohol,  and  more  difficultly  soluble  in  benzene. 

Found  C  56.36;  H  3.95;  N  16.26.  C16H14O8N4S.  Calculated  <7-^:  C  56.13;  H  4.12;  N  16.37. 

The  alcohol  solution  from  washing  the  reaction  product  was  vacuum  evaporated  in  the  cold,  the  residue 
was  washed  with  a  little  ether,  the  ether  removed  by  evaporation,  and  after  two  recrystallizations  from  benzene 
we  obtained  a  light-yellow  substance  with  m.p.  181°,  which  was  identified  as  being  starting  material.  The  ether- 
insoluble  portion  of  the  substance  was  identified  as  being  p-ethoxyphenyl  isothiocyanate. 

l(2)-(Diethylthiocarbamoyl)-6-nitroindazole ( VII)  was  obtained  in  the  same  manner  as  1(2) -(p-ethoxyphenyl) - 
thiocarbamoyl-6-nitroindazole.  6-Nitro-l(2)-(diethylthiocarbamoyl)indazole  was  obtained  as  light-yellow  prisms 
(from  a  mixture  of  alcohol  and  benzene),  m.p.  155-156°.  The  compound  is  readily  soluble  in  chloroform  and  ace¬ 
tone,  moderately  soluble  in  alcohol,  benzene, and  ethyl  acetate,  and  insoluble  in  ether. 

Found  °Joi  C  51.96;  H  5.26;  N  19.87;  S  11.09.  CnHi40jN4S.  Calculated  C  51.78;  H  5.07;  N  20.13; 

S  11.52. 
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l(2)-(N-Morpholinyl)thiocarbony-~6-nitroindazole  (Vlll)  was  synthesized  in  the  same  manner  as  1(2)- 
(p-ethoxyphenyl)thiocarbamoyl-6-nitroindazole.  Recrystallization  from  a  mixture  of  benzene  and  ethyl  acetate 
gave  l(2)-(N-morphollnyl)thiocarbonyl-6-nitroindazole  as  yellow  prisms  with  m.p.  203-204’,  readily  soluble 
in  chloroform  and  dichloroethane,  moderately  soluble  in  alcohol,  ethyl  acetate.and  acetone,  and  difficulty 
soluble  in  benzene  and  ether. 

Found  C  49.59;  H  3.99;  N  19.11:  S  10.91.  CbHqO,N4S.  Calculated  C  49.31;  H  4.14;  N  19.17;  S  10.97. 

SUMMARY 

A  number  of  N-thiocarbamoyl  derivatives  of  indazole  were  synthesized.  A  general  method  for  their  pre^ 
paration  is  the  reaction  of  indazole  and  its  6 -substituted  derivatives  with  thiophosgene,  followed  by  treatment  of 
the  obtained  indazolythiocarbonyl  chlorides  with  ammonia,  or  with  primary  and  secondary  amines.  N-Thio- 
carbamoyl-6-hydroxyindazole  was  obtained  by  heating  6-hydroxyindazole  with  ammonium  thiocyanate.  Only 
the  primary  amino  group  in  6-aminoindazole  reacts  under  these  conditions,  yielding  N-(6-indazolyl)thiourea. 

It  was  found  that  the  synthesized  N-thiocarbamoyl  derivatives  of  indazole  do  not  rearrange  when  heated, 
and  apparently  are  the  1 -substituted  derivatives. 

It  was  established  that  the  stability  of  the  bond  between  the  indazole  nucleus  and  the  thiocarbamoyl  radical 
depends  on  the  nature  of  the  substituents  in  the  indazole  ring  and  on  the  nitrogen  of  the  thiocarbamoyl  radical. 
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CHEMICAL  TRANSFORMATIONS  OF  a-HALO  KETONES 

Vn.  CHARACTERISTICS  OF  DIOXANE  DIBROMIDE  AS  A  BROMINATION  AGENT 

T.  I.  Temnikova  and  N.  A.  Oshueva 
Leningrad  State  University 

Of  the  different  methods  for  the  halogenation  of  carbonyl-containing  organic  compounds,  the  mildest  is 
the  bromination  technique  using  dioxane  dibromide,  developed  by  L.  A.  Yanovskaya  and  A.  P,  Terent'ev  [1]. 
With  this  method  it  is  possible  to  obtain,  in  good  yield,  quite  unstable  a-bromo  aldehydes  and  of-bromo  ketones, 
for  example,  a-bromocyclohexanone  [1,  2].  In  their  paper,  Yanovskaya  and  Terent'ev  brominated  alde¬ 
hydes  and,  with  the  exception  of  menthone,  only  those  ketones  that  could  yield  only  the  monobromo  derivative. 
(The  structure  of  monobromomenthone  was  not  established).  As  a  result,  the  manner  in  which  dioxane  dibromide 
functions  as  a  brominating  agent  was  not  determined. 

As  a  continuation  of  our  previous  investigation  [2],  it  seemed  of  interest  to  obtain  1-bromo-l -methyl -2- 
cyclohexanone  (II)- 
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An  unequivocal  method  for  the  preparation  of  l-bromo-l-methyl-2-cyclohexanone  is  not  reported  in  the 
literature.  Kotz  [3]  assumed  that  the  product  obtained  by  the  direct  bromination  of  1- methyl -2 -cyclohexanone 
with  bromine  vapors  in  a  carbon  dioxide  stream  is  3-bromo-l -methyl-2 -cyclohexanone  (I).  According  to  kotz, 
the  chlorination  goes  in  a  similar  manner  and  yields  3-chloro-l -methyl -2 -cyclohexanone.  Godchot  and  Bedos 
[4]  repeated  the  experiment  of  kbtz  on  the  chlorination  of  1- methyl -2 -cyclohexanone,  but  they  obtained  an 
o-chloro  ketone  with  different  constants.  On  the  basis  of  subsequent  transformations  of  the  compound  they  de¬ 
cided  that  they  had  l-chloro-l-methyl-2-cyclohexanone.  Corey  and  co-workers  [5],  employing  the  Kotz  proce¬ 
dure,  obtained  a  bromomethylcyclohexanone  with  b.p,  5?  (2  mm),  which,  In  their  opinion,  was  the  tertiary  bromo 
ketone  (IIX  However,  they  failed  to  given  proof  of  the  structure,  apparently  assuming  that  the  bromination  went 
in  the  same  manner  as  the  chlorination,  described  earlier  [4]. 


When  we  used  dioxane  dibromide  to  brominate  l-methyl-2 -cyclohexanone,  we  isolated  a  fraction  of  bromo 
ketones  that  boiled  in  the  range  72-78*  (8-10  mm).  Further  separation  of  this  fraction  by  fractional  distillation 
proved  impossible,  and  it  was  decided  to  establish  the  structure  of  the  bromo  ketones  through  their  hydrolysis  pro¬ 
ducts.  Since  the  direct  hydrolysis  of  bromo  ketones  goes  with  difficulty  ( incomplete  hydrolysis,  tarring,  oxidation 
of  the  hydrolysis  products),  we  made  use  of  the  ability  of  bromo  ketones  to  undergo  rapid  and  practically  complete 
conversion  to  ketals,  which  hydrolyze  with  ease. 

As  the  result  of  hydrolyzing  the  unstable  methyl  phenyl  ketal  of  or-methylcyclohexanone  we  obtained  a 
mixture  of  keto  alcohols,  containing  70*70  of  the  secondary  keto  alcohol,  l-methyl-2-cyclohexanon-3-ol,  and  30*70 
of  the  tertiary  keto  alcohol,  1 -methyl -2 -cyclohexanon-l-ol.  In  this  way  it  was  established  that  it  was  the  hydro¬ 
gen  on  the  least  hydrogenated  carbon  atom  that  was  mainly  replaced  by  bromine. 
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In  connection  with  this  it  was  interesting  to  determine  if  the  bromination  of  unsymmetrically  substituted 
ketones  of  the  aliphatic  series  with  dioxane  dibromide  would  go  in  a  similar  manner.  For  this  we  investigated 
the  bromination  of  methyl  isopropyl  ketone.  In  this  case  also  we  isolated  a  mixture  of  isomeric  bromides,  which 
we  were  unable  to  separate  by  fractional  distillation  in  vacuo;  the  mixture  analyzed  as  approximately  75%  of  the 
tertiary  bromide  and  about  25%  of  the  primary  bromide.  The  bromination  of  methyl  isopropyl  ketone  in  water 
solution  in  the  presence  of  KCIO3  gives  the  bromo  ketones  in  the  same  proportion  [6]. 

On  the  basis  of  our  data  it  must  be  assumed  that  dioxane  dibromide  cannot  be  used  to  brominate  ketones 
with  dynamically  unequal  o -positions.  The  process  goes  simultaneously  in  two  directions,  and  which  bromo 
ketone  predominates  in  the  bromination  mixture  depends  on  the  structure  of  the  starting  ketone.  As  a  result, 
bromination  with  dioxane  dibromide  goes  in  the  same  manner  as  does  the  bromination  of  ketones  with  bromine 
in  the  presence  of  bases  [6]. 

EXPERIMENTAL 

I.  Reaction  of  Dioxane  Dibromide  with  1  -  Methyl -2 -cyclohexanone  According  to 
the  Yanovskaya  and  Terent'ev  Method  [1] 

Bromination.  Dioxane  dibromide  (85  g)  was  added  with  vigorous  stirring  to  35  g  of  1- methyl -2 -cyclohexanone, 
dissolved  in  a  mixture  of  33  ml  of  dioxane  and  160  ml  of  ether.  The  ether-ketone  layer  was  washed  well  with  water, 
and  then  it  was  dried  over  magnesium  sulfate.  The  solvent  was  then  distilled  off,  and  the  bromo  ketone  was  vacuum 
distilled  in  a  stream  of  nitrogen.  Yield  30  g.  B.p,  72-78“  (8-10  mm). 

Preparation  of  methyl  phenyl  ketals  of  l-methyl-2-cyclohexanonol.  To  a  solution  of  sodium  phenolate, 
prepared  by  dissolving  2.41  g  of  sodium  in  40  ml  of  methyl  alcohol  and  then  adding  9.9  g  of  phenol,  was  added 
20  g  of  the  bromomethylcyclohexanone  with  b.p.  72-78*  (8-10  mm).  The  sodium  bromide  precipitate  was  fil¬ 
tered,  while  the  filtrate  of  mixed  ketals  was  washed  with  alkali  to  remove  traces  of  phenol,  and  then  it  was 
vacuum  distilled.  B.p.  57-61"  (5-6  mm).  Yield  18  g.  The  mixture  of  ketals  reduced  Fehling  solution,  i.e.,  it 
is  readily  hydrolyzed. 

Hydrolysis  of  mixed  methyl  phenyl  ketals.  Two  grams  of  the  product  was  hydrolyzed  with  30  ml  of  5% 

H2SO4  in  the  presence  of  7  ml  of  alcohol.  The  mixture  was  heated  under  reflux  for  2  hr,  after  which  it  was  saturated 
with  potassium  carbonate,  the  keto  alcohol  extracted  from  the  weakly  alkaline  solution  with  ether,  the  solvent  dis¬ 
tilled  off,  and  the  residue  was  vacuum  distilled.  B.  p.  58-59"  (5  mm). 

Quantitative  determination  of  the  amount  of  secondary  keto  alcohol  [7].  Into  each  of  two  Erlenmeyer 
flasks  was  charged  10  ml  of  an  alkaline  solution  of  potassium  sodium  tartrate,  10  ml  of  a  copper  sulfate  solution 
(69.28  g  in  1  liter),  and  20  ml  of  water.  An  ampule  containing  the  substance  was  placed  in  one  of  the  flasks.  The 
flasks  were  heated  for  10  min  under  reflux,  after  which  they  were  cooled,  and  to  each  was  added  10  ml  of  30% 

KI  solution  and  10  ml  of  25%  HjS04.  The  liberated  iodine  was  titrated  with  O.lN  thiosulfate  solution,  and  the  a- 
mount  of  iodine  liberated  in  the  blank  experiment  was  substracted.  The  amount  of  secondary  a-keto  alcohol  was 
found  to  be  63,5% 

Then  the  degree  of  change  suffered  by  the  keto  alcohol  in  alkaline  medium  was  determined.  For  this  the 
weighed  sample  was  first  boiled  for  10  min  in  potassium  sodium  tartrate  solution,  and  then  10  ml  of  copper  sulfate 
solution  was  added,  and  the  determination  run  in  the  same  manner  as  described  above.  The  amount  of  secondary 
ot  -keto  alcohol  was  found  to  be  54. 6% 

Consequently,  taking  into  consideration  the  degree  of  change  suffered  by  the  secondary  a-keto  alcohol  in 
alkaline  medium,  the  mixture  contained  about  70%  of  1 -methyl -2 -cyclohexanon-3-ol. 

II.  Reaction  of  Dioxane  Dibromide  with  Methyl  Isopro p yl  Ketone 

Ninety  grams  of  dioxane  dibromide  was  added  as  rapidly  as  decolorization  occurred  to  30  g  of  the  ketone, 
dissolved  in  a  mixture  of  30  ml  of  dioxane  and  120  ml  of  absolute  ether.  The  manner  in  which  the  bromination 
went  was  described  above.  Fractional  distillation  of  the  bromination  mixture  yielded  two  fractions,  corresponding 
to  the  isomeric  a-bromo  ketones:  27.3  g  with  b.p.  54-55"  (50  mm),  and  8.3  g  with  b.p.  83-84* (46  mm);  the  1st 
fraction  was  the  tertiary  bromide  (from  the  literature:  b.p.  49’  at  22  mm  [8],  and  78*  at  100  mm  [6]);  and  the  2nd 
fraction  was  the  primary  bromide  (from  the  literature  [9]:  b.p.  86"  at  50  pim). 
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Using  the  A.  E.  Favorskil  method  [8],  the  tertiary  bromide  was  converted  to  the  semicarbazone  of  dimethy- 
lacetylcarbinol,  m.p.  164%  which  agrees  with  the  literature  data  [8],  Reaction  of  the  tertiary  bromide  with  sodium 
methylate  in  methyl  alcohol  gave  the  dimethyl  ketal,  which  (without  Isolation  in  the  pure  state)  was  hydrolyzed. 
The  hydrolysis  product  was  dimethylacetylcarbinol  with  b.p.  46-47*  (14  mm)  (literature  data:  50*  at  18  mm). 

The  primary  bromide  was  oxidized  with  the  calculated  amount  of  alkaline  bromine  liquor,  and  the  pure 
acid  was  isolated  from  the  obtained  salt:  b.p.  52*  (9  mm),  n^  1.3957,  neutralization  equivalent  92.  These  data 
correspond  to  isobutyric  acid  (b.p.  154*,  n^  1.3930,  neutralization  equivalent  88). 

SUMM  A  RY 

It  was  shown  that  the  use  of  dioxane  dibromide  to  brominate  ketones  with  dynamically  unequal  o-positions 
goes  with  the  formation  of  a  mixture  of  isomeric  o-bromo  ketones,  i.  e.  the  reaction  goes  in  the  same  manner  as 
when  bromination  is  in  the  presence  of  a  base. 
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CVIIL*  SYNTHESIS  AND  PROPERTIES  OF  SOME  ALKYISOALKENYLACETYLENES 
AND  HIGHER  HOMOLOGS  OF  VINYLALKYLACETYLENES 

A.  A.  Petrov,  B.  S.  Kupin,  T.  V.  Yakovleva 

and  K.  S.  Mingaleva 

Lensovet  Leningrad  Technological  Institute 

In  order  to  make  a  systematic  study  of  the  relation  between  structure,  physical  properties, and  reactivity  in 
the  relation  between  structure,  physical  properties, and  reactivity  in  the  vinylacetylenic  hydrocarbon  series,  it  was 
necessary  for  us  to  have  some  of  the  higher  vinylalkylacetylenes  and  1,3-dialkyl-substituted  derivatives  of  vinyl- 
acetylene.  We  were  able  to  synthesize  these  compounds  by  reacting  the  proper  halo  derivatives  with  the  sodium 
derivatives  of  vinylacetylene  and  isoalkenylacetylenes  in  liquid  ammonia.  The  higher  vinylalkylacetylenes  were 
obtained  earlier  using  both  this  and  other  methods  [1,2].  Except  for  2 -methyl-1 -penten-3-yne  [3,  4],  the  dialkyl- 
vinylacetylenes  are  new  compounds.  The  constants  of  the  obtained  hydrocarbons  are  given  in  Table  1. 

The  dipole  moments  were  measured  for  the  three  hydrocarbons  given  in  Table  2.  The  dipole  moments  of 
the  other  vinylacetylenic  hydrocarbons  reported  here  were  measured  earlier  [5].  A  comparison  of  the  dipole  mo¬ 
ments  of  these  hydrocarbons  with  the  moments  of  the  corresponding  alkylvinylacetylenes  and  isoalkenylacetylenes 
reveals  that  substitution  in  the  1  and  3  positions  increases  the  polarity  of  the  hydrocarbon  when  compared  with  the 
hydrocarbons  in  which  each  of  these  positions  is  substituted  separately.  This  can  be  explained  on  the  assumption 
that  the  electrons  in  these  compounds  are  shifted  toward  the  double  bond. 

The  infrared  spectra  of  the  vinylalkylacetylenes  and  isoalkenylalkylacetylenes  described  in  this  paper  are 
shown  in  the  figure.  All  of  the  rules  observed  earlier  for  the  spectra  of  the  lower  vinylalkylacetylenes  [6]  also 
apply  to  the  higher  homologs. 

The  conjugated  double  bond  is  shown  in  the  spectra  by  an  intense  absorption  at  1610  cm"^,  which  is  some¬ 
what  lower  than  the  frequency  for  olefins,  while  the  acetylenic  bond  is  shown  by  an  absorption  at  2228  cm"*.t 
Both  absorptions  are  accompanied  by  weak  bands  at  lower  values  (1588  and  2183  cm~\  respectively).  An  absorption 
at  1640  cm'^  also  indicates  the  presence  of  the  acetylenic  grouping. 

The  vinyl  group  is  characterized  by  three  absorption  bands  due  to  the  valence  vibrations  (3100,  3045  and 
3012  cm"^),  a  weak  deformation  band  around  1410  cm"\  and  very  intense  absorptions  of  the  out-of-plane  defor¬ 
mation  vibrations  at  911  and  972  cm”^.  Other  bands  are  absent  in  the  region  of  the  last  two  frequencies.  The 
absorption  at  1830  cm"^  corresponds  to  an  ordinary  overtone. 

In  the  spectra  of  the  isopropenylalkylacetylenes  an  intense  absorption  at  1616  cm~^  corresponds  to  the  double 
bond.  When  a  tertiary  butyl  radical  is  present  in  the  3  position,  this  frequency  is  shifted  even  more  toward  lower 
wavelengths.  An  absorption  at  2235  cm’\  somewhat  higher  than  in  the  spectra  of  vinylalkylacetylenes,  corre¬ 
sponds  to  the  acetylenic  bond.  Another  absorption,  linked  with  the  presence  of  the  acetylenic  grouping,  is  also 
found  at  a  higher  wavelength  (1790  cm"^). 

•Enyne  compounds.  XXXI. 

T  Due  to  inaccurate  calibration  of  the  apparatus  in  the  2200-2300  cm"^  region,  the  values  given  earlier  for  the 
frequencies  of  the  acetylenic  grouping  [6]  in  vinylacetylenes  were  somewhat  high  (by  approximately  25  cm"^). 

In  the  other  portions  of  the  spectrum  the  earlier-obtained  and  presently-found  frequencies  show  satisfactory  agreement. 
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Infrared  Spectra  of  Hydrocarbons 
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A  very  intense  band  at  892  cm"*  corresponds  to  the  terminal  methylene  group.  The  valence  vibrations  of 
this  group  also  give  an  absorption  at  high  frequency  (around  3100  cm’*).  The  absorptions  of  the  in-plane  defor¬ 
mation  vibrations  ^around  1410  cm'*)  are  apparently  masked  by  other  bands. 

The  presence  of  a  tert-butylgroup  in  the  3  position  causes  the  appearance  in  the  spectra  of  intense  absorptions 
in  the  1200-1250  cm"*  region  due  to  the  C-C  vibrations  (1194,  1205  cm"*),  and  of  intense  absorption  at  1480  cm"* 
due  to  the  CH  deformation  vibrations. 

As  a  result,  a  study  of  some  structurally  new  vinylacetylenic  hydrocarbons  confirmed  the  earlier  established 
rules  regarding  the  effect  exerted  by  substituents  in  different  positions  of  the  vinylacetylene  system  on  the  infrared 
pattern. 

EXPERIMENTAL 

The  method  of  alkylating  vinylacetylene  was  described  earlier  [1].  Isopropenylacetylene  and  tert-butyl- 
vinylacetylene  were  obtained  from  the  corresponding  alcohols  [7,  8],  They  were  alkylated  in  the  same  manner 
as  the  vlnylacetylenes.  The  yields  and  analytical  data  for  the  synthesized  compounds  are  given  in  Table  1.  The 
experimental  data  on  measuring  the  dipole  moments  are  given  in  Table  3,  The  same  as  in  the  previous  paper,  the 
dipole  moments  were  determined  by  measuring  the  dielectric  permeability  of  dilute  solutions  using  the  pulsation 
method  [5]. 

The  infrared  spectra  of  the  investigated  hydrocarbons  are  given  in  Table  2 (some  of  the  very  weak  absorptions 
are  omitted).  An  IKS-14  spectrophotometer  was  used  to  take  the  spectra,  using  a  NaCl  prism  up  to  1830  cm"*,  and 
then  a  LiF  prism.  The  layer  thickness  was  usually  0.035  mm. 

SUMMARY 

1.  The  alkylation  of  vinylacetylene,  isopropenylacetylene, and  tert-butylvinylacetylene  gave  a  series  of 
vinylacetylenic  hydrocarbons. 

2.  The  infrared  spectra  of  the  synthesized  vinylacetylenic  hydrocarbons  were  investigated,  and  here  the 
earlier  established  rules  were  confirmed. 

3.  The  dipole  moments  of  three  hydrocarbons  (2-methyl-l-penten -3-yne,  2-tert-butyl-l-penten-3-yne. 
and  2-tert-butyl-l-hexen-3-yne)  were  measured. 
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INVESTIGATIONS  ON  CONJUGATED  SYSTEMS* 

CIX.  THE  DIRECTION  OF  HYDRATION  OF  ISOPROPENYLALKYL- ACETYLENES 


B.S.  Kupin  and  A.  A.  Petrov 
Leningrad  Lensovet  Institute  of  Technology 


Vinylalkylacetylenes  add  on  water  under  the  conditions  of  the  Kucherov  reaction  [1]  and  over  heterogeneous 
catalysts  [2]  with  formation  of  propenylalkyl  ketones  with  a  small  amount  of  vinyl  alkyl  ketones.  The  sequence 
of  additionof  water  is  here  not  the  same  as  the  sequence  of  addition  of  hydrogen  halides  [3],  We  attributed  this 
difference  to  the  special  features  of  the  mechanism  of  addition  of  water  and  hydrogen  halides  (nucleophilic  attack 
in  one  case  and  electrophilic  attack  in  the  other)  and  to  the  facility  of  redistribution  of  the  electron  density  in 
molecules  of  vinylalkylacetylenes  [IJ 

Alkyl-  and  alkenylacetylenes  of  all  possible  types  add  on  water  only  with  formation  of  the  corresponding 
methyl  ketones  [4,  5].  Unsymmetrical  dialkylacetylenes  form  isomeric  ketones  in  nearly  the  same  quantities 
[6.7], 

To  complete  the  investigation  of  the  relation  between  structure  of  vinylacetylenic  hydrocarbons  and  sequence 
of  addition  of  water,  it  was  necessary  to  study  the  hydration  of  isopropenylalkylacetylenes.  These  hydrocarbons  on 
the  one  hand  contain  the  stmcture  of  vinylalkylacetylenes,  which  gave  grounds  for  expecting  addition  of  hydroxyl 
to  the  first  acetylenic  carbon,  and  on  the  other  hand  they  include  the  stmcture  of  isopropenylacetylene  which  adds 
on  water  with  formation  of  methylisopropenyl  ketone. 

Another  reason  for  the  importance  of  this  work  is  that  isopropenylalkyl-acetylenes  contain  a  fragment  of 
the  molecule  of  vinylisopropenylacetylene  for  which  I.N,  Nazarov  had  established  a  fully  specific  and  unexpected 
sequence  of  addition  of  water  (the  hydroxyl  enters  closer  to  the  substituted  vinyl  group)  [81  The  causes  of  this 
orientation  of  water  in  this  industrially  important  reaction  have  not  previously  been  clarified. 

We  ran  experiments  on  hydration  of  two  representatives  of  the  isopropenylalkylacetylene  series  —  2  methyl-1 
-penten-3-yne  and  2-methyl- l-hexen-3-yne.  In  this  case  we  should  expect  formation  of  three  unsaturated  ketones 
depending  on  the  sequence  of  addition  of  water. 
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For  R  =  CH3  (addition  to  isopropenylmethylacetylene)  all  of  these  ketones  have  been  described  in  tfie  literature 

P.  101 

In  actuality,  isopropenylalkyl  ketones  were  predominantly  formed;  their  stmcture  was  confirmed  by  con- 
parison  of  their  constants  with  those  of  authentic  specimens,  by  hydrogenation  to  saturated  ketones,  and  by  the 
ultraviolet  and  infrared  spectra. 
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dration  products.  I)  Isopropenyl- 
acetylene  (ethyllsopropenyl  ketone); 
n)  isopropenylethylacetylene 
(propylisopropenyl  ketone). 

The  ketone  prepared  from  isopropenylmethylacety- 
lene  has  a  boiling  point  and  refractive  index  quite  dif¬ 
ferent  from  those  of  both  of  the  forms  of  mesityl  oxide 
and  very  similar  to  the  literature  constants  cited  for  iso- 
propenylethyl  ketone. 

Its  ultraviolet  spectmm  contained  maxima  charac¬ 
teristic  only  of  the  conjugated  C=C-C=0  grouping  (220 
and  305  m/i);  the  maximum  of  the  unconjugated  carbonyl 
was  absent  (280  m/i)  (Fig.  1). 

The  infrared  spectrum  of  this  ketone  also  contained 
he  strong  frequencies  of, a  conjugated  double  bond 
(1620  cm'^)  and  of  the  carbonyl  group  (1664  cm"^),  as 
well  as  the  frequency  of  the  CHj=C-  group  (936  cm”^) 


[11]  (Fig.  2,  curve  2). 


CH, 


Fig.  2.  Infrared  transmission  spectra,  1) 
2)Methyl-l-penten-3“yne,  2)  product  of  its 
hydration  (ethyl isopropenyl  ketone),  3) 
product  of  hydrogenation  of  the  latter 
(ethylisopropyl  ketone),  4)  authentic  ethyl - 
isopropyl  ketone,  5)  authentic  methyliso- 
butyl  ketone,  6)  product  of  hydration  of 
propenylethylacetylene  (propylpropenyl 
ketone). 


Hydrogenation  over  Pd/CaCQs  converted  the  un¬ 
saturated  ketone  into  ethylisopropyl  ketone,which  has 

been  described  in  the  literature.  Examination  of  the  infrared  spectmm  of  the  latter  showed  it  to  contain  a  small 
admixture  (about  ^  of  methylisobutyl  ketone ♦  (Fig.  2,  curves  3-5). 

Consequently  all  of  the  fOTmulas,  except  (I),  for  the  main  product  of  hydration  of  methylisopropenylacetylene 
are  excluded. 


Similar  results  were  obtained  in  the  investigation  of  propylisopropenyl  ketone  -  the  product  of  hydration  of 
is  opr  openyl  ethyl  acetylene. 

The  order  of  addition  of  water  to  vinylmethylacetylene  is  opposite  to  that  of  the  addition  to  isopropenylmethyl- 
acetylene.  This  difference  is  of  outstanding  theoretical  interest.  If  we  start  from  the  hypothesis  that  the  sequence 
of  addition  is  determined  by  the  relative  polarity  of  each  of  the  acetylenic  atoms  of  the  hydrocarbon  and  if  we 

•Judging  by  the  ratio  of  intensities  of  the  bands  characteristic  of  ethylisopropyl  ketone  (981.  1026, and  1103  cm"^) 
and  of  methylisobutyl  ketone  (1176  cm"^),  the  infrared  spectmm  of  the  investigated  specimen  of  ethylisopropyl 
ketone  most  closely  resembles  the  spectmm  of  a  mixture  of  the  authentic  ketones  containing  about  O'^fcof  methyl¬ 
isobutyl  ketone.  Ethylisopropyl  ketone  was  prepared  by  the  oxidation  of  ethyllsopropylcarbinol  (in  turn  prepared 
from  isobutyraldehyde  and  ethylmagnesium  bromide).  The  methylisobutyl  ketone  was  a  commercial  product. 
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take  account  of  I.N.  Nazarov’s  data  for  the  hydration  of  dienynes,  then  we  obtain  the  following  order  of  increasing 
electronegativity  of  radicals; 


II  <  CHa^CH  <  CII3  <  CH2=C. 

I 

CH3 

These  data  do  not  afford  an  explanation  of  the  characteristic  addition  of  water  to  vinylalkylacetylenes  by 
shift  of  the  electron  density  in  their  molecules  under  the  influence  of  radicals,  since  in  the  case  of  isopropenylal- 
kylacetylenes  both  of  the  alkyls  intensify  the  shift  in  the  same  direction,  and  the  sequence  of  addition  is  reversed 
(relative  to  vinylalkylacetylenes). 


hc=^cQhjj  c^csc^chQh, 

h  Hn-H  1*^ 

H-OH  CHj  ”  H-OH  CH, 

Elucidation  of  the  causes  of  the  observed  regularity  calls  for  further  investigations. 

EXPERIMENTAL 

Hydration  of  isopropenylmethylacetylene.  The  hydrocarbon  was  prepared  by  dehydration  of  dimethylpropynyl- 
carbinol  •  by  distillation  with  5^o  sulfuric  acid.  Yield  about  60%. 

B.p.  82-83*.  d”  0.7502,  n”  1.4480. 

Infrared  spectrum  (principal  frequencies ):  891  (very  strong),  937  (weak),  1009  (medium),  1026  (weak)  1188 
(weak),  1221  (weak),  1294  (strong),  1372  (strong),  1413  (medium),  1434  (strong),  1443  (strong)  1462  (medium), 

1611  (strong),  1790  (medium),  2043  (weak),  2223  (strong),  2728  (weak).  2852  (strong),  2913  (very  strong),  2943 
(strong),  2963  (very  strong).  3092  (medium).  cm"^(Fig.  2,  curve  1). 

10  g  of  the  hydrocarbon  was  intensively  stirred  with  a  solution  of  3.1  g  HgO  in  200  ml  of  12%  sulfuric  acid 
and  10  g  of  ferric  sulfate  for  8  hours.  The  liquid  was  distilled  with  steam  and  the  upper  layer  was  separated.  The 
ketone  was  extracted  from  the  lower  layer  with  ethyl  chloride.  A  total  of  about  4.5  g  of  ethylisopropenyl  ketone 
was  obtained  (yield  47.5%  on  the  hydrocarbon). 

B.p.  118-121"  d/®  0.8512.  njJ®  1.4312. 

Found%c  C  73.75. 73. 63;H  10.17,  10.27.  CgHioO.  Calculated  %:  C  73.47;  H  10.20  Infrared  spectram: 

820  (strong),  913  (medium),  933  (very  strong),  946  (strong),  973  (medium),  1047  (strong),  1106  (strong),  1160 
(strong),  1221  (strong),  1281  (strong),  1360  (very  strong),  1373  (strong),  1422  (strong),  1448  (very  strong),  1460 
(strong),  1623  (very  strong),  1674  (very  strong),  1688  (strong)  cm  ^  (Fig  1,  curve  2). 

2,4-Dinitrophenylhydrazone;  m.p.  141-142"  (from  alcohol). 

Found  %:  N  20.56,  20.01.  CUH14O4N4.  Calculated  %:  N  20.14. 


Semicarbazone:  m.p.  155-156*  (from  alcohol). 


The  following  constants  for  ethylisopropenyl  ketone  are  reported  in  the  literature:  b.p.  119*  dj’"®  0.850, 
n*Q®  1.4270  (9].  The  following  constants  are  reported  for  the  two  forms  of  mesityl  oxide:  CHs-CO-CH2-C=CH2-CH3 

b.p.  121.4",  dj®  0.84111,  n”  1.42130;  2.4-dinitrophenylhydrazone.  m.p.  70*;  CH3-CO-CH=C-CHj;  b.p.  130*  df 


0.858,  n^  1,444;  2.4-dinitrophenylhydrazone:  m.p.  203*  [10]. 


CH, 


Reduction  of  1,7  g  ketone  in  10  ml  methyl  alcohol  in  presence  of  3  g  of  Pd/CaC03  was  accompanied  by 
adsorption  of  415  ml  Hj  (749.8  mm,  19")  or  96.6%  of  the  theoretical.  The  reaction  mixture  was  decanted  from 

•Dimethylpropynylcarbinol  was  prepared  by  the  action  of  acetone  on  methylacetyleneqiagnesium  bromide.  For  one 
of  the  hydration  experiments  isopropenylmethylacetylene  was  prepared  by  the  action  of  ethyl  bromide  on  the 
sodium  derivate  of  isopropenylacetylene  in  liquid  ammonia.  When  using  the  latter  method  the  possibility  of 
isomerization  of  2-methyl-l-buten-3-yne  to  4-methyl-3-buten-l-yne  (under  the  influence  of  excess  of  sodium 
amide)  must  be  taJten  into  consideration. 
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the  catalyst  diluted  with  ether  and  washed  with  saturated  CaClj  solution.  The  ether  was  driven  off  to  leave 
0.6  g  of  ethyllsopropyl  ketone. 

B.p.  113-114’.  4f  0.8078,  ng  1.3970. 

Infrared  spectrum:  761  (very  weak),  802  (medium),  844  (very  weak),  881  (weak),  929  (weak),  981  (strong), 

1026  (strong,  1103  (ve^  strong),  1179  (medium),  1292  (weak),  1368  (very  strong),  1415  (strong),  1464  (very  strong), 

1712  (very  strong)  cm  K 

2,4-Dinitrophenylhydrazone:  m.p.  109-110*  (from  alcohol)[12]. 

Found  N  20.08,  19.95.  Ci,Hi,04N4.  Calculated  N  20.00 

The  same  d ini tro phenyl hydraz one  was  obtained  from  the  liquid  distilled  off  from  the  aqueous  alcoholic 
solution.  Methylisobutyl  ketone  2,4-dinitrophenylhydrazone  melts  at  95*  [13]. 

Hydration  of  isopropenylethylacetylene.  3.2  g  HgO  in  190  ml  of  14%  sulfuric  acid  was  placed  in  a  three¬ 
necked  flask  with  a  reflux  condenser.  The  hydrating  mixture  was  heated  to  70*  and  dropwise  addition  was  made 
(vigorous  stirring)  of  11  g  of  the  hydrocarbon  in  the  course  of  0.5  hour.  After  the  addition,  stirring  was  continued 
for  another  4  hours  at  the  same  temperature.  The  mixture  was  then  worked  up  as  in  the  preceding  experiment 
to  give  3.5  g  (yield  49.4%  on  the  reacted  hydrocarbon). 

B.p.  140-141*.  80-81*  (100  mm),  dj®  0.8500,  no”  1.4376. 

Found  %:  C  75.30,  75.40;  H  10.78,  10.73.  CtHjjO.  Calculated  %;  C  75.00;  H  10.71. 

Infrared  spectrum:  761  (weak),  844  (weak),  885  (medium),  891  (weak),  930  (very  strong).  989  (weak).  1025 
(medium),  1060  (strong),  1123  (very  strong),  1209  (medium),  1261  (weak).  1295  (medium),  1324  (medium),  1371 
(very  strong),  1411  (strong),  1451  (very  strong),  1463  (strong),  1625  (very  strong),  1674  (very  strong),  1687  (strong) 
cm"*  (Fig.  1,  curve  6). 

Hydrogenaticm  of  0.45  g  of  the  ketone  in  5  ml  of  methyl  alcohol  in  presence  of  1  g  Pd/CaCQs  (101  ml 
Hj  was  absorbed  at  754  mm  and  21*.  or  96%  of  the  theoretical  quantity)  gave  a  saturated  ketone. 

2,4-Dinitrophenylhydrazone:  m.p.  85! 

Semicarbazone:  m.p.  118-119*  [13],  in  agreement  with  the  literature  value  for  propylisopropyl  ketone. 

The  corresptxiding  derivatives  of  ethylisobutyl  ketone  melt  at  75  and  152*  [14J 

SUMMARY 

1.  The  sequence  of  addition  of  water  to  2-methyl-l-penten-3-yne  and  2-methyl-l-hexen-3-yne  was 
investigated. 

2.  It  was  established  that  in  both  cases  isopropenylalkyl  ketones  are  formed,  i.e.,  the  introduction  of  a 
methyl  group  in  the  3  position  of  vinylalkylacetylene  reverses  the  sequence  of  addition  of  water. 

3.  Hydrogenation  of  these  ketones  over  palladium  gave  the  corresponding  alkylisopropyl  ketones. 
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SOME  8- SUBSTITUTED  DERIVATIVES  OF  CAFFEINE 


R. G.  Glushkov,  E.S.  Golo vchinskay a 
and  O.Yu.  Magidson 

S.  Ordzhonikidze  All-Union  Scientific  Research 
Institute  of  Chemical  Pharmaceutics 


The  valuable  pharmacological  properties  of  tetrazoles,  one  representative  of  which  is  the  extensively  em¬ 
ployed  Metrazole  (a.B -pentamethylenetetrazole)  [1],  prompted  us  to  synthesize  tetrazolo  (1,5-8*, 9')  caffeine 
(I).  It  seemed  probable  that  the  association  of  the  tetrazole  ring  with  such  a  powerful  cardiovascular  agent  as 
caffeine  should  lead  to  compounds  with  high  activity.  The  first  step  in  the  synthesis  was  the  conversion  of  8-chloro- 
caffeine  by  treatment  with  hydrazine  hydrate  into  8-hydrazinocaffeine  PJ  Reaction  of  the  latter  with  nitrous 
acid  gave  (I).  Heating  of  8-hydrazinocaffeine  with  formamide  also  led  to  a  high  yield  of  1,2,4-triazolo  (4,5-8*.  9')- 
caffeine  (II).  On  the  other  hand>attempts  to  close  the  triazole  ring  by  the  action  of  boiling  85%  HCOOH  on 
8-hydrazinocaffeine  were  unsuccessful. 


HgCN— GO 

I  I 

CO  G— NCHg 

\ 

C=N 

/ 

HgCN— G— N 

\n=n 


H3CN-GO 

I  I 

CO  C— NCII3 

I 

HgCN— C-N 


The  physical  and  chemical  properties  of  these  substances  -  the  negative  reaction  for  the  hydrazine  group, 
insolubility  in  acids, and  the  explosive  properties  of  tetrazolo  (1,5- 8*, 9*)  caffeine-  confirm  that  they  contain  a 
tfiird  ring  condensed  with  the  imidazole  portion  of  die  caffeine  molecule. 

From  8-chloromethylcaffeine  (3]  have  also  been  synthesized  derivatives  of  8-aminomethylcaffeine  [4] 
substituted  in  the  amino  group  by  a  bis-5-chloroethyl  residue.  It  was  synthesized  by  condensation  of  8-chloro¬ 
methylcaffeine  with  diethanolamine  followed  b)  treatment  of  the  8-(bis-6 -hydroxyethyl)  aminomethylcaffeine 
with  thionyl  chloride. 


EXPERIMENTAL 

Tetrazolo  (1,5  — 8*, 9*)  caffeine  (I).  To  a  suspension  (cooled  ^-5°)  of  5  g  8-hydrazinocaffeine  in  40  ml  10% 
sulfuric  acid  was  added  dropwise.in  the  course  of  20  minutes, a  solution  of  3.5  g  sodium  nitrite  in  7  ml  water 
(towards  the  end  of  the  addition  a  sample  of  the  reaction  mass  turned  starch— iodide  paper  blue).  4.85  g  of  product 
was  isolated  and  chloroform  extraction  of  the  mother  liquor  gave  another  0.15  g.  The  compound  was  crystallized 
three  times  from  96%  alcohol;  decomp.  p.  approx.  250*;  explosion  at  about  180"  on  rapid  heating.  Tetrazolo 
(1,5-8*  ,9*)  caffeine  forms  fine,  colorless  needles.  It  turns  red  on  standing  in  the  light;  it  is  readily  soluble  in 
chloroform  in  the  cold,  in  alcohol, and  benzene  on  heating,  sparingly  soluble  in  ether  and  water.  Unlike  8-hydra¬ 
zinocaffeine,  it  does  not  reduce  ammoniacal  silver  oxide. 

Found  %:  C  41.07;  H  4.22;  N  41.63.  CgHgOgNT.  Calculated  %:  C  40.85;  H  3.84;  N  41.7. 

1.2.4-Triazolo  (4.5  8*. 9*)  caffeine  (II).  4  g  of  8-hydrazinocaffeine  was  stined  at  the  boil  for  2  hours  with 
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40  ml  formamide.  The  cooled  reaction  mass  deposited  a  precipitate  which  was  suction- filtered  and  washed  first 
with  water  and  then  with  alcohol.  Yield  3.7  g  (88.52yo)  of  1,2,4-triazolo  (4,5-  8', 9’)  caffeine;  fine  needles  with 
m.p.  233-234.5*.  For  analysis  it  was  crystallized  from  96%  alcohol  (1 ;  100).  Sparingly  soluble  in  water  and 
alcohol,  insoluble  in  the  majority  of  organic  solvents;  does  not  reduce  ammoniacal  silver  oxide. 

Found  %:  N  35.71.  C9HioC)iN6.  Calculated  %:  N  35.89. 

8-(Bis-B  -hydroxyethyl)aminomethylcaffeine.  20  g  8-chloromethylcaffeine  and  30  g  diethanolamine  were 
stirred  30  minutes  at  100*  to  form  a  yellowish  solution  which  later  changed  to  a  viscous  mass.  This  was  cooled 
and  dissolved  in  60  ml  chloroform;  the  solution  was  washed  twice  with  water  (each  time  with  10  ml)  and  dried 
with  calcined  sodium  sulfate.  The  chloroform  was  driven  off  to  leave  17  g  of  substance  with  m.p.  143-147*.  Ex¬ 
traction  of  tlie  wash  liquors  with  chloroform  yielded  a  further  5  g  with  m.p.  140-146*.  The  unpurified  product 
(22  g)  was  crystallized  from  250  ml  of  carbon- containing  methylethyl  ketone  to  give  21  g  (82%)  of  small  spheres 
of  8-(bis-8-hydroxyethyl)-aminomethylcaffeine  with  m.p.  148-150*;  the  product  was  amorphous;  the  pH  of  the 
5-10%  aqueous  solution  was  approx.  7.5;  readily  soluble  in  water,  chloroform  .and  alcohol,  difficultly  soluble  in 
ether,  benzene,  and  ethyl  acetate. 

Found  %:  N  22.55.  Cj3H2i04lNt.  Calculated  %:  N  22.55. 

8-(Bis-6  -hydroxyethyl)  aminomethylcaffeine  hydrochloride.  Prepared  by  treatment  of  a  solution  of  the 
base  in  anhydrous  alcohol  with  alcoholic  hydrogen  chloride.  Crystallizes  from  anhydrous  alcohol  as  plates  with 
m.p.  199-201*. 

Found  %:  Cl  9.55.  Ci3H2204NsCl.  Calculated  %:  Cl  10.21 

8-(Bis-  6  -chloroethyl)  aminomethylcaffeine.  To  a  solution  of  10  g  of  8-(bis-i3  -hydroxyethyl)aminomethyl- 
caffeine  in  80  ml  of  dry  chloroform  was  gradually  added  at  20*  a  solution  of  50  ml  of  SOClj  in  50  ml  chloroform. 
A  yellow  precipitate  came  down.  The  reaction  mass  was  boiled  3.5  hours  (it  formed  a  transparent  solution).  The 
chloroform  and  excess  of  thionyl  chloride  were  driven  off  and  the  residue ^f  dark  resin)  was  treated  with  100  ml 
of  ice  water;  the  solution  was  then  filtered  and  neutralized  with  saturated  sodium  carbonate  solution;  the  result¬ 
ing  precipitate  was  crystallized  from  70  ml  of  96%  alcoliol  (in  presence  of  carbon);  yield  of  8-(bis-0-chloroethyl) 
aminomethylcaffeine  7.4  g  (66%),  m.p.  136.5-137.5*.  Sparingly  soluble  in  ether  and  water,  readily  soluble  in 
chloroform,  alcohol,  acetone,  benzene.and  dilute  acids.  * 

Found  7o:  Cl  20.06,  20.47.  CijHwOzNgClj.  Calculated  %:  Cl  20.40. 

SUMMARY 

1.  Reaction  of  8-hydrazinocaffeine  with  nitrous  acid  or  formamide  results  in  cyclization  with  formation 
of  tetrazolo  (1,5— 8’, 9')  caffeine  in  the  former  case  and  of  1,2,4-triazolo  (4,5— 8', 9')  caffeine  in  the  latter  case. 

2.  8-(Bis-0 -chloroethyl)  aminomethylcaffeine  was  synthesized  from  8-chloromethylcaffeine. 
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HERBICIDES  AND  PLANT  GROWTH  REGULATORS 

XXXIV.  A  NEW  METHOD  OF  PREPARATION  OF 
ARYLOXY-y- BUTYRIC  ACIDS 

N.  N.  Mel'nikov  and  S.S.  Kukalenko 
Scientific  Institute  for  Fertilizers  and  Insectofungicides 


2,4-Dichlorophenoxy-y-butyric  and  2-niethyl-4-chlorophenoxy-y -butyric  acids  have  recently  been  employed 
to  some  extent  as  agents  for  combating  dicotyledonous  weeds  in  leguminous  crops  [1,  2J  These  agents  are  re¬ 
latively  innocuous  to  legumes  and  destroy  many  othej(  dicotyledonous  growths.  This  selectivity  is  due  to  the  dif¬ 
ferent  rate  of  conversion  of  the  compounds  in  different  plants  into  2,4-D.  The  aryloxy-y -butyric  acids  are  there¬ 
fore  of  great  practical  interest  and  merit  the  closest  attention.  Only  one  metod  of  preparation  of  these  compounds 
has  been  described  in  the  literature  —  via  aryloxy-y -chloropropane  and  the  nitrile  [3].  But  this  method  has  many 
steps  and  necessitates  use  of  the  relatively  expensive  chlorobutyronitrile  or  of  aryloxy-y -chloropropane,  both  of 
which  are  difficult  to  prepare. 

For  preparation  of  aryloxy-y -butyric  acids, we  made  use  of  the  reaction  of  phenates  with  butyrolactone 
which  was  recently  applied  successfully  [4]  to  die  synthesis  of  3 -indolyl-y -butyric  acid.  Our  experiments  es¬ 
tablished  that  butyrolactone  reacts  with  facility  with  alkali  metal  phenates  and  ammonium  phenate  at  80-200* 
with  formation  of  the  corresponding  salts  of  aryloxy-y -butyric  acids  in  satisfactory  yields.  This  reaction  can  be 
represented  by  the  following  general  equation. 

ArOMe-f  Clla-CllzCIIzCO  — >  ArOCIIaCIIaCMaCOOMe. 


In  this  reaction  with  butyrolactone  we  tested  not  only  unsubstimted  but  also  substituted  phenols  as  well  as 
naphthol.  The  prepared  compounds  are  listed  with  their  properties  in  the  table. 

EXPERIMENTAL 

We  carried  out  the  reaction  of  butyrolactone  with  phenates  widi  use  of  a  slight  excess  of  butyrolactone. 

Two  variants  were  employed. 

First  variant.  To  butyrolactone  (heated  to  120-140")  was  gradually  added  with  good  stirring  the  finely  pul¬ 
verized  phenate;  the  reaction  mixture  was  held  at  this  temperature  for  20-40  minutes,  cooled  and  dissolved  in 
water;  the  aqueous  solution  was  acidified  with  sulfuric  acid.  The  organic  acid  and  the  phenol  were  extracted  with 
ether;  the  acid  was  removed  from  the  ether  solution  by  shaking  with  aqueous  sodium  carbonate  solution.  The  soda 
solution  was  acidified  with  sulfuric  acid;  the  aryloxy-y -butyric  acid  was  filtered  off  and  purified  by  recrystalli¬ 
zation. 

Second  variant.  An  equimolar  mixture  of  phenate  and  butyrolactone  (10^  excess)  was  refluxed  in  a  flask 
with  good  stirring  for  several  hours  at  190-208*;  the  product  was  then  isolated  and  purified  as  described  above. 

The  compounds  prepared  and  their  properties  are  listed  in  the  table.  Some  of  the  compounds  have  not 
previously  been  described. 
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TABLE 


Properties  of  Aryloxy-y -butyric  Acids  ArOCHjCHjCOOH 


Ar 

Reaction 

Yield 

Melting  point 

Analysis  of  acid  by 
titration  with  KOH 

temp. 

(In  I0) 

found 

literature 

M  found 

M  calc. 

QjHs 

130—200'^ 

75 

60—61° 

60(5] 

— 

— 

2-CH3Q,H4 

t:«) 

70 

76—77 

— 

198 

204 

196 

193 

227 

233 

194.1 

4-FCeH4 

2.4  CI2C0H3 

130 

205—208 

130 

71 

64 

44 

107 

116-117 

112—113 

106-107(01 

117-118(31 

198.1 

230.1 

SUMMARY 

A  simple  and  convenient  method  was  developed  for  the  preparation  of  aryloxy-y- butyric  acids  by  reaction 
of  butyrolactone  with  phenates  of  various  phenols  at  elevated  temperature.  Some  of  the  synthesized  compounds 
have  not  previously  been  described. 
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CHLOROMETHYLA  TION  OF  ETHERS  OF  DIHYDRIC 


PHENOLS  AND  SOME  OF  THEIR  TRANSFORMATIONS 
N.N.  Mel’nikov  and  M.  V.  Prilutskaya 


The  great  lability  of  the  chlorine  in  the  molecule  of  benzyl  chlorine  and  its  derivatives. containing  various 
functional  groups  in  the  benzene  ring,  make  this  group  of  compounds  of  considerable  interest  for  the  synthesis  of 
many  classes  of  compounds  which  can  be  obtained  by  replacement  of  the  halogen  by  other  groupings.  Particularly 
interesting  are  benzyl  chlorides  containing  alkoxy  radicals  in  the  aromatic  ring  .since  they  can  be  used  for  the 
synthesis  of  a  series  of  physiologically  active  substances,  The  simplest  method  of  preparation  of  alkoxybenzyl 
chlorides  is  chloromethylation.  This  method  has  been  fairly  extensively  used  for  the  synthesis  of  various  substituted 
benzyl  chlorides  [IJ 

In  continuation  of  our  earlier  work  [2-4], we  have  now  studied  the  chloromethylation  of  some  ethers  of 
pyrocatechol  and  hydroquinone.  Since  the  literature  has  described  the  preparation  of  only  o-dimethoxy-  and 
p-dimethoxybenzyl  chlorides  [5-12],  it  was  of  interest  to  study  the  chloromethylation  of  ethers  of  higher  molecular 
weight,  especially  since  the  literature  indicates  the  impossibility  of  preparation  of  the  corresponding  derivatives 
of  ethers  of  hydroquinone  of  higher  molecular  weight  [8]. 

In  the  preceding  communication  we  showed  that  the  main  products  of  chloromethylation  of  ethers  of  hydro¬ 
quinone  in  acetic  acid  solution  are  1,4-bis  (chloromethyl)-2,5-dialkoxybenzenes  [3],  but  that  the  corresponding 
dialkoxybenzyl  chlorides  could  not  be  isolated  in  any  appreciable  quantity  under  these  conditions.  We  therefore 
studied  the  chloromethylation  in  an  aqueous  medium  with  a  deficiency  of  formaldehyde.  These  experiments 
showed  that  also  In  an  aqueous  medium  die  reaction  goes  with  predominant  formation  of  l,4-bis-(chloromethyl)-2, 5- 
di-alkoxybenzenes^and  that  only  by  using  a  deficiency  of  formaldehyde  can  dialkoxybenzyl  chloride  be  obtained 
together  with  a  certain  quantity  of  the  bischloromethyl  derivative. 

It  is  interesting  to  note  that  the  main  products  of  the  chloromethylation  of  ethers  of  pyrocatechol  are  3,4- 
dlalkoxybenzyl  chlorides  in  yields  of  60-lb% 

The  compounds  that  we  prepared  and  their  properties  are  listed  in  Table  1.  Their  structure  was  confirmed 
by  oxidation  to  the  corresponding  dialkoxybenzoic  acids  which  have  been  described  in  the  literature  [13-15]. 

Bis-(chloromethyl)-dia]koxybenzenes  are  prepared  with  great  difficulty  and  in  very  low  yields  from  ethers 
of  pyrocatechol.  This  is  presumably  due  to  the  poor  stability  of  3,4-dialkoxybenzyl  chlorides  .which  enter,  under 
very  mild  conditions, into  condensation  with  the  liberated  hydrogen  chloride, to  form  2,3, 6,7 -tetraalkoxy -9,10- dihy- 
droanthracenes.  This  reaction  has  been  closely  studied  for  the  case  of  condensation  of  3,4-dimethoxybenzyl  chlo¬ 
ride  [5,6,16,171  It  must  be  pointed  out,  however,  that  the  susceptibility  to  condensation  with  formation  of  2,3,6, 
7-tetraalkoxy-9,10-dihydroanthracenes  decreases  with  increasing  size  of  the  ether  radical. 

Reaction  of  our  synthesized  dialkoxybenzyl  chlorides  with  tertiary  amines  gave  salts  of  quaternary  ammonium 
bases  not  previously  described  in  the  literamre.  Reaction  widi  salts  of  thiocyanic  acid  and  cyanides  gave  the  cor¬ 
responding  thiocyanates  and  nitriles  of  arylacetic  acids,  also  not  described  in  the  literature.  Saponification  of  the 
nitriles  gave  previously  undescribed  arylacetic  acids.  The  compounds  that  we  synthesized  are  presented  with  their 
properties  in  Table  2. 

Reaction  of  l,4-bis-(chloromethyl)-2,5-dialkoxybenzenes  with  alcohol  in  presence  of  potassium  hydroxide 
gave  previously  undescribed  bis-(ethoxymethyl)-dialkoxybenzenes.  Their  properties  are  given  in  Table  2. 
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TABLE  1 


Properties  of  Products  of  Chlorom ethylation  of  Ethers  of  Pyrocatechol  and  Hydroquinone 


Melting 

point 

Yield 
(in  %) 

•/.Cl 

Name 

found 

calc. 

3,4-Dimethoxybenzyl  chloride 

50—51  o* 

63 

19..30, 19.25 

19.03 

3,4-Dlethoxybenzyl  chloride 

126—127 

66 

16.08, 16.25 

16.55 

3.4- Dipropoxybenzyl  chloride 

3.4- DinutoxyDenzyl  chloride 

1.4- Bii(chloromethyl)-2,5-dimethoxybeuzene 

2.5- Diethoxybenzyl  chloride*  •  • 

99-101 

64.5 

14.28, 14.56 

14.63 

86-87 

74 

12.78,12.91 

1.3.12 

161** 

45 

29.92,  29.99 

30.17 

— 

64 

16.4!),  16.55 

16.55 

1,4-  Bis(chloromethyl)-2 ,5  -diethoxy  benzene 

150-1.51 

42 

26.82,  27 .(K) 

26.96 

1,4-  Bis(  chlorom  ethyl  )-2 ,5  -  dipropoxybenze  ne 

1 ,4  -  Bis(chloromethyl  )-2 ,5  -  dibutoxybenze  ne 

*  According  to  the  literature  [5]:  m.p.  51*. 

83-84 

.50 

24.34,  24.40 

24.36 

81—82 

1 

55 

22.14,22.30 

22.23 

•  *  According  to  the  literature  [8,  9]:  m.p.  161*. 

•  *  •B.p.  112“  (1  mm)  1.1150,  1.5271. 

EXPERIMENTAL 

Chloromethylation  of  ethers  of  pyrocatechol.  A  mixture  of  0.1  mole  pyrocatechol  ether,  10  g  paraformalde- 
hydr,  3-3,5  g  phosphoric  acid,  15-20  g  metallic  mercury,  200  ml  glacial  acetic  acid  .and  40  ml  concentrated  hydro¬ 
chloric  acid  was  well  stirred  and  saturated  with  hydrogen  chloride  at  30-45*  (the  temperature  depending  on  the 
ether  used)  for  2.5  hours.  After  cooling,  the  reaction  mixture  was  poured  into  1  liter  of  iced  water  and  the  precip¬ 
itate  was  filtered  off  and  washed  with  a  small  quantity  of  acetic  acid  and  with  water  until  neutral.  The  product 
was  recrystallized  from  acetone.  Properties  of  the  compounds  are  given  in  Table  1. 

Recrystallization  of  3,4-dimethoxybenzyl  chloride  and  of  3,4-diethoxybenzyl  chloride  from  toluene  led  to 
nearly  quantitative  formation  of  the  corresponding  2,3,6, 7-tetraalkoxy-9,10-dihydroanthracenes.  3  g  of  3,4-di- 
metlioxy benzyl  chloride  thus  gave  2.4  g  of  2,3,6,7-tetramethoxy-9,10-dihydroanthracene  with  m.p.  230-232*; 
the  literature  [10]  reports  m.p.  235*. 

Found  ^o;  C  72.20,  72,32;  H  7.00,  6.82.  C„Hjo04.  Calculated  %;  C  72.00;  H  6.66. 

3  g  of  3,4-diethoxybenzyl  chloride  gave  more  than  2  g  of  previously  undescribed  tetraethoxydihydroanthracaie 
with  m.p.  270-271". 

Found  7o;  C  74.68,  74.52;  H  7.50,  7.82.  M  350,  354.  Calculated  C  74.17;  H  7.85;M  356. 

Oxidation  of  2,3,6,7-tetraethyoxy-9,10-dihydroanthracene  with  permanganate  in  an  alkaline  medium  gave 
3,4-diethoxybenzoic  acid  with  m.p.  165-166*. 

Oxidation  of  3,4-dialkoxybenzyl  chlorides.  We  oxidized  the  products  of  chloromethylation  of  ethers  of 
pyrocatechol  with  alkaline  permanganate  with  the  aim  of  establishing  their  structure.  A  mixture  of  0.015  mole 
of  dialkoxybenzyl  chloride  with  200  ml  of  V’Jo  aqueous  sodium  hydroxide  solution  was  heated  to  60*  and  addition 
was  made  at  this  temperature  of  a  solution  of  2  g  of  potassium  permanganate  in  200  ml  water.  The  reaction 
mixture  was  then  boiled  for  30  minutes.  The  next  day  the  manganese  dioxide  was  filtered  off  and  the  acids  were 
isolated  in  the  usual  manner  .  After  recrystallization  the  acids  were  analyzed  by  titration  with  alkali.  From  3, 
4-dimethoxy-,  3,4-diethoxy-,  3,4-dipropoxy-,and  3,4-dibutoxybenzyl  chlorides  were  obtained  acids  with  m.p. 
respectively  of 178- 180*,  165-166*,  155-157*  and  141-142*.  The  constants  are  nearly  identical  with  those  given 
in  the  literature  [13-15], 

Chloromethylation  of  ethers  of  hydroquinone.  A  mixture  of  0.1  mole  hydroquinone  ether.  0.23  mole  form- 
aldehydr,  1.5  g  phosphoric  acid,  5  g  metallic  mercury,  and  150  ml  concentrated  hydrochloric  acid  was  saturated 
with  gaseous  hydrogen  chloride  at  60-80*  for  4  hours.  After  cooling,  the  precipitate  was  filtered  off,  washed  with 
50%  acetic  acid  and  with  water,  and  recrystallized  from  acetone.  The  compounds  obtained  by  this  procedure  are 
listed  in  Table  1  together  with  their  properties. 

For  the  purpose  of  preparation  of  2,5-dietfioxybenzyl  chloride,  we  carried  out  the  chloromethylation  of  hydro¬ 
quinone  diethyl  ether  under  the  following  conditions:  0.1  mole  of  the  diethyl  ether,  1  g  phosphoric  acid,  5  g 
metallic  mercury,  0,12  mole  formaldehyde  (37%  solution). and  50  ml  concentrated  hydrochloric  acid  were  saturated 
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with  gaseous  HCl  at  60-65*  for  4  hours.  The  reaction  mixture  was  worked  up  in  the  appropriate  manner  to  give  8.4  g 
of  l,4-bis-(chloromethyl)-2,5-diethoxyben2ene  and  13.8  gof2,5-diethoxybenzyl  chloride  with  b.p.  112*  (1  mm), 
ni5  1.5270  dj®  1.1150. 

Found  61.60,  61.41;  H  7.02,  6.96;  Cl  16.49,  16.55.  CuHijOjCl.  Calculated  C  61.53;  H  6.99; 

Cl  16.55. 

Reaction  of  chloromethyl  derivatives  of  ethers  of  hydroquinone  with  alcohol  in  presence  of  alkali.  A 
solution  of  0.01  mole  chloromethyl  derivative  of  hydroquinone  ether  in  30-40  ml  1  N  KOH  solution  in  alcohol 
was  boiled  one  hour  in  a  flask  under  a  reflux  condenser.  After  cooling,  the  reaction  mixture  was  diluted  with 
double  the  volume  of  water  and  the  solid  product  was  filtered  and  purified  by  recrystallization  from  aqueous  alcohol. 
The  liquid  components  were  extracted  with  ether  and  washed  with  water;  after  drying  and  removal  of  the  ether, 
they  were  distilled  in  vacuo.  The  compounds  that  we  obtained  and  their  properties  are  listed  in  Table  2. 

Preparation  of  3,4-dialkoxybenzyl  thiocyanates.  A  study  of  the  reaction  of  salts  of  thiocyanic  acid  with 

3. 4- dialkoxy  benzyl  chlorides  established  that  3, 4- dim  ethoxy-  and  3,4-diethoxybenzyl  chlorides  give  a  complex 
mixture  of  products  from  which  the  corresponding  thiocyanates  could  not  be  isolated  in  any  appreciable  quantity. 
Thiocyanates  of  higher  molecular  weight  were  obtained  by  the  following  procedure:  A  mixture  of  0.05  mole 

3.4- dialkoxybenzyl  chloride,  5.7  g  ammonium  thiocyanate,  2.9  sodium  chloride, and  one  g  phosphoric  acid  in 

200  ml  acetone  was  refluxed  in  a  flask  at  56-57*  with  good  stirring  for  2.5  hours.  At  the  conclusion  of  the  reaction, 
die  greater  part  of  the  acetone  was  driven  off;  the  residue  was  treated  with  cold  water,  and  the  crystalline  product 
was  filtered  off  and  recrystallized  from  alcohol.  The  compounds  that  we  obtained  are  listed  in  Table  2  together 
with  their  properties. 

Preparation  of  3,4-dialkoxyphenylacetonitriles.  Just  as  in  the  case  of  salts  of  thiocyanic  acid,  the  lower- 
molecular  representatives  of  3,4-dialkoxybenzyl  chlorides  react  with  salts  of  hydrocyanic  acid  to  form  resinous 
masses.  Other  compounds  were  prepared  by  the  following  procedure:  A  solution  of  3.68  g  sodium  cyanide  and 
2.9  g  sodium  chloride  in  12  ml  water  was  added  with  good  stirring  to  a  mixture  (heated  to  40*)  of  0.05  mole  3, 
4-dialkoxybenzyl  chloride,  one  g  phosphoric  acid,  10  g  metallic  mercury,  and  250  ml  acetone.  The  reaction 
mixture  was  thereupon  refluxed  for  2.5  hr.  The  greater  part  of  the  acetone  was  then  distilled  off  on  a  water  bath 
and  the  residue  was  poured  into  500  ml  cold  water.  After  standing  for  2  hr,  the  precipitate  was  filtered  and  re¬ 
crystallized  from  alcohol.  The  prepared  compounds  and  their  properties  are  set  forth  in  Table  2. 

Hydrolysis  of  3,4-dialkoxyphenylacetonitriles.  3  g  of  nitrile  was  dissolved  in  50  ml  ether  and  50  ml  con¬ 
centrated  sulfuric  acid.  The  solution  was  refluxed  in  a  flask  for  10  hr.  After  standing  for  24  hr,  the  mass  was 
heated  for  another  5  hr.  At  the  conclusion  of  the  reaction,  the  ether  layer  was  separated,  and  the  acid  layer  was 
diluted  with  double  the  volume  of  water  and  extracted  with  ether.  The  combined  ether  extracts  were  washed  with 
water  and  dried  and  the  ether  was  driven  off.  The  acids  were  recrystallized  from  aqueous  alcohol.  The  synthesized 
products  are  set  forth  in  Table  2. 

Preparation  of  salts  of  quaternary  ammonium  bases.  To  a  solution  of  0.01  mole  of  chloromethyl  derivative 
in  20  ml  methyl  or  ethyl  alcohol  was  gradually  added  trimethyl-  or  triethylamine  (in  the  case  of  trim  ethyl  amine 
the  addition  was  made  at  -5*  and  in  the  case  of  triethylamine  at  room  temperature).  After  being  stined  for  30-40 
min,  the  mixture  was  heated  to  65-75*.  The  alcohol  was  then  distilled  off  and  the  residue  treated  with  20-30  ml 
of  dry  ether.  The  crystalline  precipitate  of  salt  was  filtered,  washed  with  dry  ether  and  recrystallized  from  alcohol. 
It  is  interesting  to  note  that  products  of  replacement  of  chlorine  by  ethoxyl  were  obtained  in  2-5^  yield  as  by¬ 
products  of  this  reaction.  The  prepared  compounds  and  their  properties  are  set  forth  in  Table  2. 

SUMMARY 

1.  The  chloromethylation  of  ethers  of  pyrocatechol  and  hydroquinone  was  smdied.  The  main  products  of 
chloromethylation  of  pyrocatechol  ethers  are  shown  to  be  3,4-dialkoxybenzyl  chlorides,  while  those  from  hydro¬ 
quinone  ethers  are  1,4-bis  (chloromethyl)-2,5-dialkoxybenzenes.  Chloromethylation  of  hydroquinone  ethers  with 
one  mole  of  formaldehyde  gives  a  mixture  of  1,4-bis (chloromethyl)-2,5-dialkoxybenzene  and  2,5-dialkoxybenzyl 
chloride. 

2.  Studies  were  made  of  the  reactions  of  chloromethyl  derivatives  of  pyrocatechol  and  hydroquinone  ethers 
with  tertiary  amines,  salts  of  hydrocyanic  and  thiocyanic  acids,  and  alcohol  in  presence  of  potassium  hydroxide. 

A  series  of  previously  undescribed  compounds  was  synthesized.  Their  properties  are  set  forth  in  Table  2. 
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Properties  of  Derivatives  of  Dialkoxybenzenes 
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•d/"  0.9829.  njj"  1.5020. 

•  •d4*’  0.9982,  no"  1.4920. 

•  •  •  By  titration  with  KCXl. 


TABLE  2  (continued) 
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THE  INTERACTION  OF  ALCOHOLS  WITH 
TRIETHYLHYDROXY  SI  LANES 

K.A.  Andrianov  and  V.  V.  Astakhin 
V.L  Lenin  All-Union  Institute  of  Electro  technics 

It  is  known  that  dialkyl-  and  diarylhydroxysilanes  easily  undergo  polycondensation  with  formation  of  com¬ 
pounds  with  siloxane  bonds. 


xR2Si(OH)o  (R2SiO)*-f  XH2O 

Trialkylhydroxysilanes  also  react  relatively  easily  according  to  die  equation 

2R3SiOH  RgSiOSiRa-H  H2O. 

It  was  therefore  assumed  that  the  reaction  between  trialkylhydroxysilanes  and  alcohols  does  not  go  in  the 
direction  of  formation  of  trialkyl -substituted  esters  of  orthosilicic  acid, due  to  the  great  susceptibility  of  trialkyl¬ 
hydroxysilanes  to  dehydration.  The  literature  contains  only  indirect  references  to  the  possibility  of  reaction  of 
organohydroxysilanes  with  alcohols  |1,  2],  The  possibility  of  syndiesis  of  organoalkoxysilanes,  and  in  particular 
of  trialkylalkoxysilanes,  by  direct  coupling  of  alcohols  with  organohydroxysilanes  has  not  been  investigated. 

The  study  of  the  reaction  of  triethylhydroxysilane  with  various  alcohols  (isopropyl,  isobutyl,  and  amyl)  showed 
that  in  the  absence  of  ''atalysts  (HC1,H2S04,  etc.)  triethylhydroxysilanes  react  with  alcohols  according  to  the  equation. 


R'SiOlI  4-  IIOR"  RgSiOR"-!-  H^O 

In  a  secondary  reaction  a  small  portion  of  the  triethylhydroxysilane  is  converted  into  hexaethyldisiloxane 
by  dehydration. 

Reaction  of  triethylhydroxysilane  with  the  above-mentioned  alcohols  gives  trialkyl-substituted  esters  of 
orthosilicic  acid  in  yields  of  up  to  52^0.  The  yield  of  triethylalkoxysilanes  increases  with  increasing  boiling  point 
of  the  alcohol.  This  is  due  to  the  better  conditions  for  removal  from  the  reaction  sphere  of  the  water  formed  by 
interaction  of  the  alcohols  with  triethylhydroxysilane.  The  properties  of  the  prepared  triethylalkoxysilanes  are 
set  forth  in  the  table.  The  method  described  here  may  possess  preparative  value  for  the  synthesis  of  triethylalkoxy¬ 
silanes. 

EXPERIMENTAL 

Reaction  of  triethylhydroxysilane  with  isopropyl  alcohol.  99  g  of  triethylhydroxysilane  [b.p.  70*  (18  mm), 
no**  1.4344]  and  180  g  of  isopropyl  alcohol  which  had  been  dried  over  copper  sulfate  and  distilled  (b.p.  79*.  nj)*® 
1.3788)  were  charged  into  the  still  of  a  rectifying  column  (packed  height  600  mm  and  diameter  21  mm).  The 
column  was  packed  with  3  mm  diameter  glass  rings  and  connected  to  the  atmosphere  through  a  calcium  chloride 
tube.  The  reaction  mixture  was  carefully  fractionated  at  743  mm.  Fractions  were  taken  off  at  such  a  slow  rate 
diat  the  whole  distillation  extended  over  19  hr.  The  following  fractions  were  isolated:  1st,  79*  (126.7  g),  2nd, 
79-163*  (56.3  g),  3rd.  163*  (45.8  g.  yield  35.1%),  and  residue  (30.5  g). 
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TABLE 


Formula 

boiling  point 

(pressure  in 
mm) 

n,» 

d.*" 

found 

calc. 

iso 

163®  (743) 

1.4150 

0.8114 

53.69 

54.30 

(C2llr,):iSiOC4 

185  (763) 

1.4192 

0.8194 

57.95 

58.93 

(CaHajaSiOCsHn 

209  (741) 

1.4269 

0.8239 

62.93 

63.56 

The  3rd  fraction  was  triethylisopropoxysilane  and  it  had  the  following  constants: 
no”  1.4150,  d4”  0.8114,  MR  53.69;  calc.  54.30. 

Found  C  62.18,  62.11;  H  12.73,  12.84;  Si  15.41,  15.64  ;M  176.  C,H„OSi.  Calculated  %:  C  62.06; 

H  12.64;  Si  16.09.  M  174. 

Reaction  of  triediylhydroxysilane  with  isobutyl  alcohol.  A  mixture  of  99  g  triethylhydroxysilane  [b.p.  70* 

(18  mm),  uq  °  1.4339]  and  222  g  isobutyl  alcohol  which  had  been  dried  over  copper  sulfate  and  distilled  (b.p.  lOT, 
n£)^  1.3963)  was  subjected  to  careful  fractionation  in  a  rectifying  column.  The  following  fractions  were  separated: 
1st  88-lor  (45.7  g),  2nd  lOT  (148.9  g),  3rd  107-185*  (19.5  g),  4th  185*(70.1g,  yield 49.7%) and  residue  19.4  g). 

The  4th  fraction  was  triethylisobutoxysilane  and  it  had  the  following  constants: 

np”  1.4192,  d4”  0.8194,  MR  57.95,  calc.  58.93. 

Found  %:  €63.53,63,70;  H  12.92,  12.90;  Si  14.50,  14.57.  M  181,  186.  CnH^OSi  Calculated  %:  C 
63.82;  H  12.76;  Si  14.89.  M  188. 

Reaction  of  triethylhydroxysilane  with  n-amyl  alcohol.  A  mixture  of  49.5  g  triethylhydroxysilane  (b.p.  70* 
(18  mm),  nj)”  1.4344]  and  132  g  n-amyl  alcohol  which  had  been  dried  over  copper  sulfate  and  distilled  (b.p.  136*, 
np*®  1.4107)  was  subjected  to  careful  fractional  distillation.  The  following  fractions  were  isolated:  1st,  90-136* 
(10.1  g),  2nd  136*  (89.7  g),  3rd  136-209*  (22.7  g),  4th  209*  (38.9  g,  yield  51.6%),  and  residue  (10.5  g). 

The  4th  fraction  was  triethylamyloxysilane  and  it  had  the  following  constants: 

np”  1.4269,  d4”  0.8239,  MR  62.93;  calc.  63.56. 

Found  %:  C  65.51,  65.49;  H  13.05,  13.03;  Si  13.69,  13.65.  M  196.  CaHjeOSi.  Calculated  %:  C  65.34; 

H  12.87;  Si  13.86.  M  202. 


SUMMARY 

1.  Trietiiylhydroxysilane  reacts  with  alcohols  with  formation  of  triediylalkoxysilanes. 

2.  Triethylisopropoxysilane,  triethylisobutoxysilane.  and  triethylamyloxysilane,  not  previously  described  in 
die  literature,  were  prepared  and  characterized. 
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METHYL  ALKOXYCHLOROSILANES 

K.A.  Andrianov  and  A. A.  Kazakova 
All-Union  Electrotechnical  Institute 


Formation  of  a  solid,  infusible. and  insoluble  product  is  observed  during  the  preparation  of  polymethylsiloxanes 
by  hydrolysis  of  methyltrichlorosilane  in  aqueous  media.  The  use  during  hydrolysis  of  solvents  capable  of  dissolving 
the  products  of  hydrolysis  does  not  always  enable  formation  of  the  insoluble  products  to  be  avoided.  Thus,  for 
example,  the  hydrolysis  of  methyltrichlorosilane  in  a  water- toluene  medium  at  20*  and  with  vigorous  stirring  also 
leads  to  formation  of  insoluble  solids.  This  shows  that  hydrolysis  of  methyltrichlorosilane  is  accompanied  by 
intensive  condensation  of  the  hydrolysis  products, with  formation  of  complex  compounds.  Formation  of  soluble 
products  of  hydrolysis  occurs  only  if  alcohols  are  introduced  into  the  hydrolyzing  mixture.  Oir  investigations 
showed  that  formation  of  soluble  products  by  hydrolysis  of  methyltrichlorosilane  necessitates  introduction  into 
the  aqueous  toluene  medium  of  a  considerable  quantity  of  an  alcohol— about  two  moles  per  mole  of  methyl¬ 
trichlorosilane.  In  these  ratios  butyl  and  amyl  alcohols  bring  about  formation  of  soluble  products;  in  presence  of 
methyl  and  ethyl  alcohols  .insoluble  products  are  formed.  We  suggest  that  formation  of  soluble  polymers  during 
hydrolysis  of  methyltrichlorosilane  in  a  mixture  of  an  alcohol  (butyl  or  amyl),  toluene  and  water  is  associated  with 
partial  etherification  of  methyltrichlorosilane  by  the  alcohols  with  formation  of  methylalkoxychlorosilanes.  In 
these  compounds, the  hydrolysis  of  the  alkoxy  group  linked  to  silicon  proceeds  incomparably  more  slowly  than 
hydrolysis  of  the  chlorine  atom;  the  undesirable  intensive  chain- branching  processes  and  gelatinization  during  hydro¬ 
lysis  are  thereby  avoided. 

In  this  connection,  we  attempted  to  study  the  behavior  of  methylalkoxychlorosilane  during  hydrolysis  in  an 
aqueous  toluene  medium.  For  this  purpose  we  synthesized  a  series  of  methylalkoxychlorosilanes  by  etherification 
of  methyltrichlorosilane  with  various  alcohols  according  to  the  general  equation 

CHaSiCla-l-wROH  CH3SiCl3_„(OR)„  + /iHCI, 
where  R  =  CHa.CaHs,  and  iso-CaHnin  =  1  or  2. 


The  properties  of  the  preparations  are  set  forth  in  Table  1.  Only  the  properties  of  methylethoxychlorosilanes 
have  been  described  in  the  literature  [1,2].  No  information  has  previously  been  published  about  the  properties  of 
methoxy-,  butoxy-  and  isoamyloxymethylchlorosilanes. 

The  isolated  chloroethers  were  subjected  to  hydrolysis  in  toluene  solution  with  excess  of  water  at  20-25*. 
Hydrolysis  in  each  case  leads  to  insoluble  trimers; 

xCHaSUORjClz-fxHaO  (CllaSiOiJ^P -f  2x1101 -f- xROH, 

where  R  =  CH3,  C2H5,  C4H9,  and  iso-CsHu.  (1) 


The  products  of  hydrolysis  of  methyldibutoxychlorosilane  and  mediyldiisoamyloxychlorosilane  dissolve 
completely  in  a  mixture  of  alcohol  and  toluene.  In  this  case  the  reaction  goes  with  formation  of  a  linear  unbranched 
polymer: 


xCIlaSilORlgCl-l-xHaO 


CH3  - 

I 

_Si— O— 

I 

OR 


-l-2xROH  -f  HCl, 


where  r  =  c,H,  or  iso  -c.h„. 


(2) 
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When  R  =  CHs  or  C2H5  the  reaction  goes  with  formation  of  insoluble  products  of  hydrolysis  (as  in  equation 

EXPERIMENTAL 

Methylalkoxychlorosilanes  were  synthesized  from  methyltrichlorosilane  (b.p.  66-66.5*.  chlorine  content 
70.37o)  and  methyl,  ethyl,  butyl. and  isoamyl  alcohols  dried  over  copper  sulfate  and  twice  distilled. 

Preparation  of  methylalkoxychlorosilanes.  The  reaction  was  mn  in  a  three-necked  flask  fitted  with  a  stirrer, 
reflux  condenser,  dropping  funnel, and  thermometer.  The  alcohol  was  added  dropwise  with  stirring  to  the  methyl¬ 
trichlorosilane.  The  temperature  was  not  regulated  during  the  addition  of  the  alcohol  (the  process  is  exothermic). 
After  the  alcohol  had  been  added,  the  reaction  mass  was  stirred  for  one  hr  and  then  heated  at  50-60*  for  5-12  hr 
with  stirring.  The  reaction  products  were  fractionally  distilled  (usually  2-3  times)  in  a  Favorskii  flask  for  isolation 
of  die  pure  products. 

Methylmethoxydichl orosilane.  To  149.46  g  methyltrichlorosilane  was  added  dropwise  32.04  g  methyl 
alcohol  with  stining.  The  mixture  was  stirred  one  hr  at  7-10*  and  5  hr.  at  50-55*.  The  79-81*  fraction  (62.9  g) 
was  methylmethoxydichlorosilane. 

Methyldiisoamyloxychl orosilane.  176.30  g  isoamyl  alcohol  was  added  dropwise  to  149.36  g  methyltrichloro¬ 
silane.  The  mixture  was  stirred  one  hr  at  12-15*  and  10  hr  at  50-60*.  The  105*  (20  mm)  fraction  (91  g)  was 
m  ethyldiisoamyloxy  chlorosilane. 

Other  methylalkoxychlorosilanes  were  similarly  synthesized.  The  properties  of  the  preparations  are  presented 
in  Table  1. 

Hydrolysis  of  methylalkoxychlorosilanes.  A  mixture  of  water  and  toluene  was  put  into  a  three- necked  flask 
fitted  with  stirrer,  dropping  funnel. and  thermometer  .  A  mixture  of  methylalkoxychlorosilane  and  toluene  was 
continuously  stirred  in  from  the  dropping  funnel.  The  reaction  mixture  was  at  a  temperature  of  20-25*.  Thereupon 
the  mixture  was  stirred  for  anotiier  60-70  min.  Ratios  of  starting  components  and  results  of  hydrolysis  are  set  forth 
in  Table  2.  Similar  results  were  obtained  if  the  order  of  introduction  of  reactants  was  reversed  under  the  same 
hydrolysis  conditions  and  with  the  same  ratios. 


TABLE  2 

Ratios  of  Starting  Components  and  Results  oi  Hydrolysis  of  Methylalkoxychlorosilanes. 


Starting 

methylalkoxy¬ 

chlorosilane 


CHaSiClafOCHs) 

CH.,SiCl2(OC2Hr,) 

CH;,SiCI.,(OG4H8) 

CH:,SiCl2{OCr,lI,i) 

CH3SiCI(OCIh)2 

CH3SiCl(OC2H.-i)2 

CH3SiCl(OG4nn)2 

GH3SiCl(OG5Hn)2 


Taken  for  hydrolysis 
(in  g) 

Hydrolysis 

temperature 

chloro 

ether 

;oluenc 

wate 

72.52 

74.75 

149..50 

20° 

79.50 

74.80 

149.50 

20 

65.00 

52.00 

104.(K) 

20 

70.00 

52.50 

lO.'UK) 

20 

70.30 

74.75 

149.50 

20 

84.30 

74.80 

149.50 

20 

56.20 

37.40 

74.80 

20 

107.00 

62.00 

124.00 

20 

Duration  (min) 


of  intro¬ 
duction 


45 

90 

45 

45 

35 

60 

45 

50 


stirring  of  Products  of 
hydrolysis  hydrolysis 


60 

60 

60 

60 

60 

60 

60 

60 


Insoluble 


[Soluble 


SUMMARY 


1,  The  following  new  compounds  were  synthesized:  methylmethoxydichlorosilane,  metnyldimethoxychloro- 
silane,  methylbutoxydichlorosllane,  methyldibutoxychlorosilane,  methylisoamyloxychlorosilane,  methyldiiso- 
amyloxy  chlorosil  ane, 

2.  The  hydrolysis  of  methylalkoxychlorosilanes  in  a  mixture  of  water  and  toluene  at  20*  was  investigated. 

It  was  shown  that  hydrolysis  of  methylalkoxydichlorosilanes  as  well  as  of  methyldimethoxy-  and  methyldiethoxy 
chlorosllanes  leads  to  formation  of  insoluble  polymers;  hydrolysis  of  methyldibutoxy-  and  methyldiisoamyloxy- 
chlorosilanes  gives  soluble  products. 
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AMMONOLYSIS  OF  P H EN YL  DICHL OROPHOS  PHAZOSULFONARYLS 

V.I.  Shevchenko  and  V.T.  Stratienko 
Dnepropetrovsk  Metallurgical  Institute 


In  the  preceding  communication  [1]  reactions  of  phenyldichlcxophosphazosulfonaryls  (I)  with  aniline  were 
described  and  results  of  a  study  of  the  hydrolysis  of  phenyldianilinophosphazosulfonaryls  were  presented. 

It  was  of  interest  to  compare  the  conditions  of  prq)aration  and  the  chemical  properties  of  phenyldianilino- 
phosphazosulfonaryls  with  those  of  ammonia  derivatives,  and  to  clarify  the  influence  of  the  phenyl  radical  on  the 
mobility  of  the  amino  group. 

Ammonia  behaves  unlike  aniline  in  reacting  with  great  facility  with  phenyldichlorophosphazosulfonaryls 
widi  liberation  of  much  heat.  Passage  of  dry  ammonia  through  a  benzene  solution  gives  phenyldiaminophosphazo 
sulfonaryls  (II)  in  good  yields  according  to  the  equation 

ArS02N=P(C6H6)Cl2  +  4NH3  — >  2NH4CI  +  ArS02N=P(C«H5)(NH2)2. 

(I)  (li) 

The  following  mechanism  is  suggested  for  the  formation  of  (II): 

ArSO,N=P(C6H6)Cl2-|-  2NH3  — >  -NH4CI  +  ArSOaN  =P(CeH6)(NH2)Cl, 
ArS02N=P(CeH6)(NH2)ClH-2NH,  — ►  NH«Cl-f  A  S02N=P(C6H5)(NH,)j. 

In  contrast,  however,  to  the  arylaminolysis  reaction  [11  the  partial  amination  reaction  is  not  observed  to 
take  place.  Compounds  (II)  are  colorless  crystals,  insoluble  in  ether,  benzene. and  carbon  tetrachloride,  easily 
soluble  in  acetcxie  and  hot  alcohol,  moderately  soluble  in  boiling  water.  Phenyldiaminophosphazosulfonaryls 
have  a  neutral  reaction  in  aqueous  solution  and  do  not  titrate  with  a  soluticn  of  sodium  hydroxide  in  presence  of 
phenolphthalein;  with  silver  nitrate,  however,  they  give  a  precipitate  of  silver  salt  insoluble  in  water  .  In  this 
respect  diey  resemble  triaminophosphazosulfonaryls  (III)  which  form  monosilver  salts  of  the  composition 
ArSCI^NAg-P(Nl^)^(=NH)  [2],  Like  (III),  (II)  might  exist  in  tautomeric  forms  in  aqueous  solution: 

ArS02N=P(CeH6)(NH2)2  ^  ArSOgWH— P(GeH5)(NH2)(=NH)  ^ 
ArSO(OH)=N-P(CeH5)(NH2)(=NH) 

Compounds  (II)  differ  from  (III)  in  being  extremely  stable  to  the  action  of  water.  Compounds  (III)  are 
hydrolyzed  in  aqueous  solutions  even  in  the  cold  with  formation  of  ammonium  salts  of  diaminoarylsulfonamido'- 
phosphoric  acids  according  to  the  equatitxi 

ArS02N=P(NH2)3+H20  — ►  ArS02N=P(NH2)2(ONH4), 

(III) 

and  (III)  are  readily  hydrolyzed  by  boiling  water  to  form  arylsulfamides 

ArS02N=P(NH2)3  +  2H20  — v  ArS02NH2  +  OP(NHa)2(ONH4), 
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On  the  other  hand  (II)  are  not  hydrolyzed  by  water  even  on  prolonged  boiling.  Consequently  the  phenyl  group 
attached  directly  to  the  phosphorus  atom  imparts  resistance  to  hydrolysis  to  phenyldiamihophosphazosulfonaryls. 

If  we  assume  the  following  structures  for  (II)  and  (III) 


NH, 

'“l\- 

4r-S=0  NH 
6 . 

(HI) 


then  it  appears  that  the  formation  of  a  hydrogen  bond  in  the  triamino  derivatives  (III)  and  die  shift  of  the  electron 
pairs  results  in  a  dipole  with  a  positive  charge  at  the  phosphorous,  and  this  favors  nucleophilic  substitution  of  the 
amino  group  by  the  hydroxyl  ion.  In  phenyldiaminophosphazosulfonaryls  (II)  the  positive  charge  at  the  phosphorus 
is  distributed  at  the  benzene  ring  due  to  ^^conjugation  with  the  phenyl  nucleus,  and  this  hinders  attack  of  the  phos¬ 
phorus  by  the  nucleophilic  ion. 

Compounds  (II)  differ  from  (III)  in  being  hydrolyzed  only  under  rather  drastic  conditions,  for  example 
on  heating  on  a  water  bath  with  0.2  N  aqueous  sodium  hydroxide  or  hydrochloric  acid.  Under  these  conditions 
(11)  are  hydrolyzed  to  arylsulfamides. 

In  an  alkaline  medium  die  hydrolysis  goes  with  evolution  of  ammonia  and  formation  of  arylsulfamide  and 
sodium  salt  of  the  amide  of  phenylphosphinic  acid. 

ArS02N=P(CoH5)(NH2)2+  HaO  — ^  ArSOaNHa -f  OP(CeH6)(NH2)(ONa) -f- NHg 

It  was  to  be  expected  that  (II)  would  be  hydrolyzed  in  accordance  with  the  following  mechanism: 


ArS02N=P(CoH5)(NH3)2+NaOH  — ArSOaNNa— POfCeHjKNHa)  +  NHg, 
ArS02NNa-P0(C6H5)(NH2)  +  HaO  — ArSOaNHa  +  OP(C6H5)(NHa)(ONa). 

This  is  supported  by  the  fact  that  triamino-,  trianilino-  and  phenyldianilinophosphazosulfonaryls  easily 
form  relatively  stable  monometallic  salts  on  hydrolysis.  Partial  hydrolysis  of  (II)  in  accordance  with  the  first 
equaticxi,  however,  cannot  be  realized. 

Yields,  melting  points  and  analytical  data  of  phenyldiaminophosphazosulfonaryls  (II)  are  set  forth  in  the 

table. 


TABLE 

Fhenyldiaminophosphazosulfonaryls  ArSO^N  =  P  (CeHs)(NH2)2 


Ar 

Yield 
(in  *70) 

pelting 

l^oint 

Empirical  formula 

%  N 

found 

calc. 

90.7 

151-152° 

C12H14O2N3SP 

14.26 

14.23 

oCHaCeiU 

94.9 

140-142 

C,3Hi602N3SP 

13.74 

13.59 

i>-CH3C0H4 

92.6 

130-131 

C13H1BO2N3SP 

13.58 

13.59 

p  -ClCeHi 

91.6 

162—164 

C12H13O2N3SPCI 

12.38 

12.30 

94.4 

149-151 

CieHieOaNgSP 

11.84 

12.14 

P-cIJh? 

97.2 

148—152 

C18H16O2N3SP 

12.02 

12.14 

EXPERIMENTAL 


Preparation  of  phenyldiaminiophosphazosulfonaryls.  0.01  mole  of  (I)  was  dissolved  in  40  ml  of  dry  benzene 
and  dry  ammonia  (dried  over  sodium)  was  slowly  passed  for  one  hr  through  the  solution.  The  reaction  mixture  was 
cooled  to  10-15*  during  the  operation.  The  resulting  crystalline  precipitate  was  suction- filtered  and  washed  several 
times  with  cold  water  for  removal  of  ammonium  chloride.  (II)  was  purified  by  crystallization  from  water  or  alcohol. 
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Hydrolysis  of  phenyldiaminophosphazosulfonaryls  in  an  alkaline  medium.  To  0.005  mole  of  (II)  was  added 
25  ml  of  0.2  N  aqueous  sodium  hydroxide  and  the  mixture  was  heated  for  30  min  on  a  water  bath.  After  cooling, 
die  precipitated  arylsulfamide  was  separated  and  the  filtrate  was  evaporated  to  dryness. 

The  sodium  salt  of  phenylphosph inamide,  remaining  after  extraction  of  the  dry  residue  with  boiling  benzene, 
o  was  crystallized  from  dilute  (50^)  alcohol.  Fine,  short  needles  with  m.p.  164-165*. 

Found  N  7.83.  CaHANPNa.  Calculated  N  7.82. 

Hydrolysis  in  an  acid  medium  was  carried  out  in  similar  fashion.  In  this  case  the  phosphoms-ccmtaining 
portitxi,  remaining  after  separation  of  the  arylsulfamide.  was  not  investigated. 

SUMMARY 

1.  Reaction  of  phenyldichlorophosphazosulfonaryls  with  ammonia  gave  phenyldiaminophosphazosulfonaryls. 

2.  In  an  alkaline  medium  phenyldiaminophosphazosulfonaryls  are  hydrolyzed  with  formation  of  ammcmia 
arylsulfamide  and  sodium  salt  of  phenylphosphinamide. 
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DERIVATIVES  OF  ACYLACETIC  ESTERS 
OF  THE  HETEROCYCLIC  SERIES 

I.  ARYLIDES  OF  ou  AND  6-FUROYLACETIC  ACIDS 

N.S.  VuTfson  and  V.  E.  Kolchin 

K.E.  Voroshilov  State  Scientific  Research  Institute 
for  Organic  Intermediates  and  Dyes 


Arylides  of  3  -ketoacids  are  extensively  used  as  intermediates  in  the  manufacture  of  a  series  of  azo  dyes  and 
also  as  color-forming  components  in  the  manufacture  of  motion- picture  color  films  for  production  of  a  yellow 
image  under  the  conditions  of  color  development.  The  literature  contains  methods  for  preparation  and  application 
of  arylides  of  aceto-  [1],  benzoyl-  [2],  indolyl-2-  [3]  and  a-furoylacetic  acids  [4].  The  last-mentioned  type  has 
been  relatively  little  studied  and  nothing  has  been  published  about  arylides  of  6  -furoylacetic  acid. 

We  set  ourselves  the  task  of  preparing  a  series  of  arylides  of  oc-  and  0- furoylacetic  acids  with  the  aim  of 
comparing  their  color-photographic  and  chemical  properties. 

ot-  and  0 -furoylacetic  esters  were  previously  prepared  by  ester  condensation  from  esters  of  a-  and  0-furan- 
carboxylic  acids  and  ethyl  acetate  in  presence  of  sodium  as  condensing  agent  [5-71  We  prepared  a-  and  0  -furoyl¬ 
acetic  esters  by  condensation  of  and  0  -furancarboxylic  acid  chlorides  [8,9]  with  sodium  acetoacetic  ester 
followed  by  ammonolysis  of  the  respective  fiiroylacetoacetic  esters  with  10%  aqueous  ammonia  at  35-45*.  It  was 
observed  that  in  the  0 -series  the  reactions  of  formation  of  fiiroyl  chloride,  furoylacetic  ester, and  arylides  of 
furoylacetic  acid  proceed  very  much  more  slugglishly  and  with  lower  yields  than  in  the  c6-series. 

We  prepared  0  -furancarboxylic  acid  by  the  method  [9]  starting  from  malic  acid;  the  latter  was  heated  with 
20%  oleum  and  thereby  converted  into  coumalic  acid.  The  methyl  ester  of  the  latter  was  brominated  at  room 
temperature.  The  resulting  methyl  ester  of  bromocoumalic  acid  was  rearranged  with  aqueous  potassium  hydroxide 
to  form  the  potassium  salt  of  furan- 2, 4- di carboxylic  acid, which  on  heating  with  copper  powder  was  decarboxylated 
to  0 -furancarboxylic  acid. 

Arylides  of  furoylacetic  acids  were  prepared  by  the  usual  method  of  heating  of  the  corresponding  furoylacetic 
ester  with  aromatic  amine  in  a  solvent.  As  the  amine  components  we  took  o-,  m-,and  p-anisidines  and  o-,  m-, 
and  p-anisidines  and  o-,  m-  and  p-amino-  benzoic  acids.  The  yields  of  arylides  were  increased  in  some  cases 
by  addition  of  a  small  quantity  of  pyridine  or  triethanolamine.  The  latter  apparently  function  as  enolizing  agents 
and  thereby  stabilize  the  yield  and  facilitate  formation  of  arylide.  It  should  be  noted  that  the  yield  of  expected 
product  is  sharply  lowered  by  rise  of  temperature  to  135-145*,  especially  toward  the  end  of  the  reaction,  apparently 
due  to  the  thermal  instability  of  the  arylides  and  the  occurrence  of  secondary  reactions. 

The  prepared  arylides  are  colorless  crystalline  substances,  easily  soluble  in  5%  sodium  carbonate  solution , 
with  a  yellow  color;  in  alcohol  and  dioxane  with  FeClg  they  give  a  greenish-brown  coloration.  Under  the  conditions 
of  color  development  with  p-diethylaminoaniline  they  form  yellow  azomethine  dyes. 

EXPERIMENTAL 

“-Furoylacetic  ester.  To  a  mixture  (cooled  to  6*)  ofl3gacetoacetIc  ester  and  39  ml  solution  of  sodium 
ethoxide  (from  4.6  g  sodium  in  78  ml  anhydrous  alcohol)  was  added  dropwise  6.5  g  a-fiiroyl  chloride  in  the  course 
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of  20  min,  die  temperature  being  held  at  10-12*.  After  the  mass  had  been  stirred  for  a  further  30  min  at  die  same 
temperature,  a  further  39  ml  of  sodium  ethoxide  was  added  and  another  6.5  of  oi-furoyl  chlcnride  was  added  drop- 
wise  in  the  course  of  20  min.  The  mass  was  stirred  for  30  min  and  stood  overnight.  The  sodium  derivative  of 
fiiroylacetoacetic  ester  was  filtered;  the  precipitate  was  dissolved  in  80  ml  water,  and  15  ml  of  KlPjo  ammonia  and 
5.5  g  of  ammonium  chloride  vere  added.  The  reaction  mass  was  heated  to  40*  and  shaken  for  15  min;  the  separated 
layer  was  extracted  with  ether;  the  extract  was  dried  with  calcium  chloride,  the  ether  was  driven  off,  the  residue 
was  distilled  in  vacuo,  am  the  120-125*  (8  mm)  fraction  was  collected.  Yield  83%. 

B  -Furoylacetic  ester  was  prepared  similarly  to  the  isomer.  Yield  44%  B.p.  105-107*  (3  mm). 

o-Anisidide  of  a -furoylacetic  acid.  0.005  mole  of  a- furoylacetic  ester,  0.005  mole  of  o-anisidine,and 
15  ml  of  xylene  were  heated  for  15  min  to  145*,  and  10  ml  solvent  was  distilled  off  with  stirring.  The  mixture 
was  th^  cooled  to  90-100*  and  a  further  3-4  ml  of  solvent  was  distilled  off  in  vacuo.  The  residue  was  washed 
with  ether  and  recrystallized  from  aqueous  methyl  alcohol. 

A  series  of  arylides  of  a-  and  8 -furoylacetic  acids  was  synthesized  under  similar  conditions.  Their  properties 
are  set  forth  in  the  table. 

TABLE 

Arylides  of  a-  and  6 -Furoylacetic  Acids  of  the  General  Formula 


II  J-COCHjCONHR 
0 


No. 

Position  of 
substituent 
in  the  furan 
ring 

R 

Yield  Ihlelting 
(in%)jpoint 

Found  (%) 

c 

H 

N 

4 

0-CH3OC6H4 

76 

84® 

65.10 

5.24 

5.40 

65.01 

5.23 

5.32 

2 

P-CH3OC6H4 

78 

106 

64.76 

5.23 

528 

64.80 

5.10 

5.31 

3 

>i-CH30CeH4 

69 

67—68 

65.15 

4.84 

5.30 

64.96 

5.05 

5.32 

4 

0-CH3OC6H4 

69 

116—117 

64.88 

5.06 

5.21 

5.33 

5 

P-CH3OC6H4 

72 

117—118 

64.99 

5.34 

5.31 

P 

64.83 

5.32 

5.33 

6 

Jlt-CH30C6H4 

67 

60—61 

65.13 

4.96 

5.31 

65.05 

5.16 

5.28 

7 

0-HOOCG6H4 

54 

98—99 

61 .2.^1 

4.09 

4.98 

61.33 

4.19 

.5.13 

8 

P-HOOCC6H4 

56 

216 

— 

— 

5.07 

4.91 

9 

ju-HOOCCeH4 

57 

203 

61.18 

4.02 

4.97 

4.98 

10 

0-HOOCC6H4 

50 

146—147 

— 

— 

4.82 

4.76 

11 

At-HOOCCoH4 

54 

214 

61.68 

3.98 

4.85 

P 

61.82 

4.04 

4.92 

12 

p-HOOCC:6H4 

49 

228 

— 

— 

4.90 

5.12 

Note.  Substances  1-6:  Ci^i304N.  Calculated  %:  C  64.86;  H  5.050*  N  5.40.  For  sub¬ 
stances  7-12:  CuHjiOsN.  Calculated  %  C  61.53;  H  4.06;  N  5.12. 
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SUMMARY 


1.  Condensation  of  oi-  and  0-furoyl  chloride  with  sodium  acetoacetic  ester  and  subsequent  ammonolysis 
gaveoL  -  and  6  -furoylacetic  esters. 

2.  Interaction  of  a-  and  B  -  furoylacetic  esters  with  o-,  m-,and  p-anisidines  and  with  o-,  m*,and  p-amino- 
benzoic  acids  gave  the  corresponding  arylides.  Under  color- developing  conditions  widi  p-diethylaminoaniline,  the 
products  gave  yellow  azomethine  dyes. 
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INTERACTION  OF  6  -  CH  L  ORO  METH  Y  LQUINOL  IN  E 
WITH  SULFUR  COMPOUNDS 

B.P.  Lugovkin 

All-Union  Scientific  Research  Institute  for  Industrial  Safety 
All-Union  Central  Council  of  Trade  Unions,  Kazan 


In  continuation  of  our  earlier  studies  of  the  replacement  of  the  labile  halogen  atom  of  6-chloromethyl- 
quinoline  by  various  functional  groups  [11  we  have  investigated  the  interaction  of  6-chloromethylquinoline  with 
potassium  thiocyanate  and  selenocyanate  and  with  primary  and  secondary  sodium  sulfides. 

6-Chloromethylquinoline  reacts  with  facility  with  potassium  thiocyanate  and  selenocyanate  in  methanol 
solution  with  formation  of  6-thiocyanomethylquinoline  (I)  and  6-selenocyanomethylquinoline  (II)  in  quantitative 
yields.  Both  of  these  compounds  are  crystalline. 


/'N^.GHaSCN 

/^/^.CHaSeCN 

'  ’  1 
\/\/ 

■\/\/ 

N 

N 

(I) 

(in 

Hydrolysis  of  thiocyanate  (1)  with  concentrated  hydrochloric  acid  at  room  temperature  leads  to  6-mercapto- 
methylquinoline  (III)  and  carbon  dioxide.  The  mercaptan  was  identified  though  the  product  of  its  oxidation  in 
the  form  of  diquinolyl- 6, 6' -dimethyl  disulfide  (IV);  yield  35*!^. 
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Hydrolysis  of  the  nitrile  group  of  compound  (II)  is  accompanied  by  formation  mainly  of  polymeric  products 
and  by  release  of  carbon  dioxide.  In  addition,  diquinolyl-6, 6* -dimethyl  diselenide  (V)  was  isolated  in  crystalline 
form  in  26*^  yield.  The  diselenide  was  evidently  formed  by  oxidation  of  quinolyl-methylselenomercaptan. 

Reaction  of  6-chlotomethylquinoline  with  primary  sodium  sulfide  in  ethanol  solution  gave  6-mercaptomethyl- 
quinoline  (III)  in  the  form  of  an  oily  liquid  which  is  slowly  oxidized  by  atmospheric  oxygen  to  the  conesponding 
disulfide  (IV).  The  mercaptan  was  identified  as  the  picrate. 

Oxidation  of  the  mercaptan  with  iodine  in  an  alkaline  medium  gave  diquinolyl -6, 6' -dimethyl  disulfide 
(IV).  The  latter  is  a  crystalline  substance;  yield  63<^. 
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Reaction  of  6-chlorotnethylquinoline  with  secondary  sodium  sulfide  in  methanol  solution  gave  diquinolyl- 
6,6’-dimethyl  sulfide  (VI)  in  crystalline  form;  the  yield  was  quantitative. 

All  of  the  prepared  substances  (I- VI)  were  diaracterized  in  the  form  of  picrates  and  dipi crates  respectively. 

EXPERIMENTAL 

6-Thiocyanomethylquinoline  (I).  A  solution  of  1.6  g  of  potassium  thiocyanate  in  7  ml  of  methanol  was  run 
into  2.2  g  of  chloro  compound  in  3  ml  of  methanol.  The  mixture  was  heated  on  a  water  bath, with  boiling,  for  5 
min  (KCl  was  precipitated).  Dilution  with  water  (50  ml)  led  to  separation  of  an  oily  liquid  which  soon  crystallized* 
2,38  g  (96®/o)  of  thiocyanate  was  obtained  in  the  form  of  light-yellow  crystals  with  m.p.  98*;  recrystallization  from 
benzene  gave  colorless  crystals  with  m.p.  104-104.5*. 

The  compound  is  soluble  in  methanol,  ethanol,  acetone,  chloroform. and  benzene,  less  readily  soluble  in 
ether  and  hot  water. 

Found  <70:  S  16.00  CnHsNtS.  Calculated  <7o;  S  16.03. 

Picrate:  prepared  in  hot  alcohol  as  light- yellow  crystals  with  m.p.  222*.  Soluble  in  alcohol  and  glacial 
acetic  acid. 

Found  *70:  S  7.12.  CiyHuO/NsS.  Calculated  S  7.49. 

Hydrolysis  of  the  thiocyanate.  2.42  g  of  the  compound  was  dissolved  in  25  ml  of  hydrochloric  acid  (d  1.19). 
After  7-days'  standing  (in  a  closed  test  tube  fitted  with  an  exit  tube)  carbon  dioxide  came  off  (BaCOj  precipitate). 
The  mixture  was  diluted  with  water  (25  ml),  neutralized  with  50^  potassium  hydroxide  solution  until  weakly 
alkaline,  and  extracted  with  chloroform.  After  the  solvent  had  been  distilled  off,  2  ml  of  2  N  potassium  hydroxide 
solution  was  added  to  the  oily  liquid  (III)  followed  by  0.1  N  aqueous  iodine  until  the  color  was  yellow.  The  re¬ 
sulting  precipitate  was  extracted  with  benzene  (10  ml).  0.73  g  of  disulfide  was  obtained  with  m.p.  150-151* 
(polymeric  product  in  the  mbe).  Recrystallization  gave  nearly  colorless  crystals  with  m.p.  153*.  A  mixture  with 
authentic  disulfide  melted  without  depression;  m.p.  153*. 

Dipicrate:  m.p.  234*. 

Found ‘7o:  S  18.39.  CsoHieNzS}.  Calculated  <70:  S  18.42. 

6-  Selenocyanomethylquinoline  (II).  0.97  g  of  potassium  selenocyanate  dissolved  in  3  ml  of  methanol  was 
mn  into  1.1  g  of  chloro  compound  in  3  ml  of  methanol.  KCl  quickly  came  down.  The  mixture  was  heated  on  a 
water  bath,  with  boiling  of  the  solution  for  5  min.  Dilution  with  water  (50  ml)  brought  down  a  finely  crystalline 
precipitate.  1.4  g  (91.5‘7o)  of  selenocyano  derivative  was  obtained  as  light-yellow  crystals  with  m.p.  142*;  color¬ 
less  crystals  from  methanol  with  m.p.  146". 

Soluble  in  methanol,  ethanol,  acetone,  chloroform, and  benzene,  less  readily  soluble  in  ether,  insoluble  in 

water. 


Found  <70:  Se  32.38.  C^Hgl^Se.  Calculated  ‘7»:  Se  31.97. 

Picrate:  yellow  crystals  with  m.p.  211*.  Soluble  in  alcohol  and  glacial  acetic  acid. 

Found  “/o:  Se  16.20.  CiYHuOyNsSe.  Calculated  ’^01  Se  16.59. 

Hydrolysis  of  the  selenocyano  derivative.  1.4  g  of  the  substance  was  dissolved  in  25  ml  of  hydrochloric  acid 
(d  1.19);  a  dark-red  amorphous  solid  soon  came  down.  After  5-days'  standing  the  reaction  mixture  gave  carbon 
dioxide  (BaCOg  test).  The  mixture  was  diluted  with  water  (25  ml),  filtered  (weight  of  precipitate  0.2  g),  neutralized 
with  bOPjo  potassium  hydroxide  solution  until  weakly  alkaline  and  extracted  with  chlorform.  After  the  solvent  had 
been  distilled  off,  the  solid  residue  was  extracted  with  benzene  (5  ml).  0.43  g  of  impure  crystals  was  extracted 
(polymer  in  container);  recrystallization  gave  0.33  g  of  diselenide  with  m.p.  139?  The  m.p.  rose  to  140*  on 
recrystallization  from  methanol. 

The  compound  dissolves  on  heating  in  methanol,  ethanol,  acetone  and  benzene;  it  dissolves  easily  in 
chloroform  in  the  cold,  with  difficulty  in  ether;  insoluble  in  water  and  aqueous  caustic  alkalies. 

Found  <7o:  Se  35,11,  M  448.1  (Rast).  CjoHigNjSej.  Calculated  Se  35.73|  M  442.14. 
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The  diselenide  resists  attack  by  aqueous  caustic  alkali  solutions  at  room  temperature.  The  original  substance 
is  recovered  after  periodic  shaking  with  bOPjo  potassium  hydroxide  solution  for  a  week. 

Dlpicrate;  prepared  in  glacial  acetic  acid;  yellow  crystals  with  m.p.  215".  Soluble  in  glacial  acetic  acid, 
soluble  with  difficulty  in  alcohol. 

Found  ^ :  Se  16.97.  CsjHjiO  i4NgSe2.  Calculated  %>•.  Se  17.55. 

6-Mercaptomediyldiquinoline  (III).  0.65  g  of  primary  sodium  sulfide*  in  20  ml  anhydrous  ethanol  (in  the 
form  of  a  suspension)  was  added  to  1.5  g  of  the  chloro  compound  in  3  ml  of  anhydrous  ethanol.  The  mixture  was 
heated  on  a  water  bath  with  boiling  of  the  solution  for  15  min.  An  oil  separated  on  dilution  with  water  (100  ml); 
after  extraction  with  ether,  drying  witli  sodium  sulfate. and  distillation  of  the  solvent,  a  light-yellow,  oily  liquid 
was  obtained.  Weight  1.35  g;  the  yield  of  mercaptan,  based  on  the  picrate  isolated,  was  1  g  (67.5%). 

The  compound  dissolves  readily  in  ether  and  other  organic  solvents;  it  is  less  easily  soluble  in  2  N  caustic 
alkali  solution. 

Picrate:  0.23  g  of  substance  in  1  ml  alcohol  was  heated  with  0.4  g  picric  acid  in  1.5  ml  alcohol.  0.4  g 
picrate  was  obtained  as  yellow -greenish  crystals  with  m.p.  239"  (after  washing  in  hot  glacial  acetic  acid).  Sparing¬ 
ly  soluble  in  alcohol  and  glacial  acetic  acid. 

Found  %:  S  7.53.  C16H12O7N4S.  Calculated  %:  S  7.94. 

Crystals  of  the  disulfide  gradually  separated  (m.p.  153")  when  the  mercaptan  had  been  kept  in  a  desiccator 
for  a  month. 

Diquinolyl-6,6'-dimethyl  disulfide  (IV).  To  0.9  g  of  mercaptan  was  added  2  ml  of  2  N  potassium  hydroxide 
solution  followed  by  0.1  N  aqueous  iodine  solution  until  the  color  was  yellow.  The  deposited  solid  was  recrystallized 
from  methanol;  0.56  g  (62.9%)  of  disulfide  was  obtained.  M.p.  153"  (after  recrystallization  from  benzene). 

The  compound  dissolves  on  heating  in  methanol,  ethanol,  acetone, and  benzene;  it  is  easily  soluble  in 
chloroform  in  the  cold,  insoluble  in  water  and  aqueous  caustic  alkali  solution.  Unlike  the  mercaptan  it  is  sparingly 
soluble  in  ether. 

Found  %:  S  18.35.  M  349.7  (Rast).  CjoHieNjSj.  Calculated  %:  S  18.43.  M  348.34. 

The  disulfide  resists  the  action  of  alkalies  at  room  temperature.  The  original  compound  is  recovered  after 
periodic  shaking  with  50%  potassium  hydroxide  solution  for  a  week. 

The  dihydrochloride  could  not  be  isolated  after  hydrogen  chloride  had  been  passed  into  a  solution  of  the 
disulfide  in  anhydrous  etfianol  or  acetone. 

Dipicrate:  prepared  in  hot  glacial  acetic  acid;  yellow  crystals  melting  at  233-234*.  A  mixture  with  the 
picrate  of  the  mercaptan  melted  with  depression  (m.p.  226-227").  Soluble  in  glacial  acetic  acid,  sparingly 
soluble  in  alcohol. 

Found  %:  S  8.01.  C32H220]4NgS2.  Calculated  %:  S  7.96. 

Diquinolyl-6,6*-dimethyl  sulfide  (VI).  To  1.7  g  of  chloro  compound  in  3  ml  methanol  was  added  1.2  g  of 
enneahydrated  secondary  sodium  sulfide  dissolved  in  10  ml  methanol.  The  mixture  was  heated  on  a  water  bath 
with  boiling  of  the  solution  for  15  min.  A  thick  liquid  came  down  on  dilution  with  water(50  ml).  Extraction  with 
chloroform  gave  1.25  g  (82.8‘’,’i)  of  thioerher.  Colorless  crystals  with  m.p.  85"  after  recrystallization  from  a  mixture 
of  benzene  (1.5  ml)  and  light  gasoline  (2  ml). 

Soluble  in  alcohol,  acetone,  benzene. and  chloroform,  less  easily  soluble  in  ether  and  hot  water,  poorly 
soluble  in  benzine. 

Found  %:  S  10.18.  C20H16N2S.  Calculated  %:  S  10.15. 

Passage  of  hydrogen  chloride  into  a  solution  of  the  thioether  in  anhydrous  acetone  did  not  lead  to  separation 
of  the  dihydrochloride. 

Dipicrate:  light-yellow  crystals  with  m.p.  249*  (after  washing  with  hot  glacial  acetic  acid).  Sparingly 
soluble  in  alcohol  and  glacial  acetic  acid. 

•Prepared  by  saturation  with  dry  hydrogen  sulfide  of  an  alcoholic  solution  of  sodium  ethoxide  (0.8  g  metallic 
sodium  in  20  ml  anhydrous  alcohol),  followed  by  precipitation  with  anhydrous  ether. 
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Found  ‘7o;  S  4.46  Cs2H220j4N^S.  Calculated  ’’Jo'.  S  4.14. 

SUMMARY 

1.  Reactions  of  6-chloromethylquinoline  with  potassium  thiocyanate  and  selenocyanate  and  with  primary 
and  secondary  sodium  sulfides  were  studied. 

2.  The  following  were  synthesized:  6-selenocyanomethylquinoline,  6-mercaptomethylquinoline,  diquinolyl- 
6, 6' -dimethyl  disulfide,  and  diquinolyl-6, 6* -dimethyl  sulfide.  Their  chemical  properties  were  examined. 
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PHENYLTETRAFLUOROPHOSPHORANE  AND  ITS  DERIVATIVES 


L.  M.  Yagupol'skii  and  Zh.  M.  Ivanova 

Institute  of  Organic  Chemistry,  Academy  of  Sciences  of  the  Ukrainian  SSR 


Very  few  compounds  containing  die  grouping— C—P—F  are  known  at  the  present  time.  Only  the  alkyl  esters 
of  methylphosphonofluoridic  acid  have  been  studied,  some  of  which  have  proved  to  be  highly  toxic  compounds 
(Sarin,  Soman)  [1,  2].  The  alkylated  amides  of  alkylphosphonofluoridic  acids  and  the  dlfluorides  of  alkylphosphonic 
acids  [3],  as  well  as  the  fluorides  of  methylalkylphosphinic  acids  [4],  have  been  described  very  recently. 

Having  undertaken  a  study  of  compounds  containing  the  grouping  C—P—F,  we  decided  to  prepare  phenyl- 
tetrafluorophosphorane  and  a  number  of  its  derivatives.  With  this  in  mind  we  reacted  phenyltetrachlorophosphorane 
with  antimony  trifluoride. 


CeHsPCU  -f  SbFg  — y  C6H5PF4  +  SbCls 

p-Tolyltetrafluorophosphorane  and  p-chlorophenyltetrafluorophosphorane  were  obtained  in  a  similar  manner. 

Zinc  fluoride  can  also  be  used  to  replace  tlie  chlorine  in  aryltetrachlorophosphorane  compounds  by  fluorine. 
However,  reaction  is  less  vigorous  here.  The  yield  of  aryltetrafluorophosphorane  compound  is  35  to  40%. 

The  reaction  of  phenylphosphonous  dichloride  with  antimony  trifluoride  gave  phenyltetrafluorophosphorane, 
instead  of  the  expected  phenylphosphonous  difluoride. 

3C6H5PCI2  -}-  4SbF3  —V  3C0H5PF4  +  2Sb  +  2SbCl3 

Metallic  antimony  was  isolated  in  92%  of  the  theoretical  yield.  Apparently,  phenylphosphonous  difluoride 
is  a  very  powerful  reducing  agent.  It  is  interesting  to  mention  that  phenylphosphonous  dichloride  does  not  reduce 
antimony  trichloride  to  the  metal  even  when  the  mixture  is  refluxed  for  an  hour. 

Phenyltetrafluorophosphorane  and  its  derivatives  are  colorless  liquids  that  fume  in  the  air  and  etch  glass. 

They  are  readily  soluble  in  ether,  benzene,  petroleum  ether,  carbon  tetrachloride, and  dioxane.  The  compounds 
react  with  water  and  with  alcc^ols  with  the  evolution  of  heat.  Complete  hydrolysis  with  water  yields  arylphosphonic 
acids  and  hydrofluoric  acid. 

In  contrast  to  phenyltetrachlorophosphorane,  phenyltetrafluorophosphorane  does  not  react  with  dry  sulfur 
dioxide,  even  when  heated  to  100”,  to  give  the  phenylphosphonic  difluoride.  For  this  reason,  the  phenylphosphonic 
difluorides  were  obtained  from  the  corresponding  dichlorides  using  zinc  fluoride  to  replace  the  chlorine  by  fluorine. 
Antimony  trifluoride  is  not  suitable  for  this  purpose,  since  the  antimony  trichloride  formed  as  a  result  of  the  exchange 
has  a  boiling  point  that  lies  close  to  the  boiling  points  of  the  arylphosphonic  difluorides.  The  arylphosphonic 
difluorides  are  colorless  liquids  that  are  readily  soluble  in  all  organic  solvents.  They  are  much  more  resistant  to 
the  action  of  atmospheric  moisture  than  the  aryltetrafluorophosphoranes;  their  specific  gravities  are  somewhat 
lower,  while  their  boiling  points  are  approximately  50*  higher  than  is  true  of  the  corresponding  aryltetrafluoro¬ 
phosphoranes. 

A  summary  of  the  obtained  compounds,  their  constants,  and  their  analysis  data,  is  given  in  Tables  1  and  2. 

When  benzene  solutions  of  either  aryltetrafluorophosphoranes  or  arylphosphonic  difluorides  were  mixed  with 
a  benzene  solution  of  aniline,  followed  by  distilling  off  the  benzene  without  protection  from  atmospheric  moisture. 
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TABLE  1 

Aryltetrafluorophosphoranes  of  Type  p-RCjH^PEi 


H 

Yield 
(In  <7o) 

Empirical 

formula 

•/.  F  1 

•/,  P 

K 

“10 

found 

calc. 

found 

calc. 

II 

133—134° 

66 

1.3839 

C6H5PF4 

41.70, 

40.83 

41.30 

16.56, 

16.46 

16.85 

CH3 

161—162 

62 

1.3334 

C7H7PF4 

38.71, 

38.68 

38.38 

15.66, 

15.75 

15.67 

Cl  1 

163—164 

61 

1.5141 

C6H4PF4CI 

34.43, 

34.59 

34.79 

14.20, 

14.30 

14.19 

TABLE  2 


Arylphosphonic  Difluorides  of  Type  P-RC6H4POF2 


1  1 

Bolling  1 

point  at 
760  mm 

Yield 

(in 

Empirical 

formula 

•/.  F  1 

®/.  P 

R 

found 

calc. 

found 

calc. 

H 

186-187° 

90 

1.2982 

C6H5OPF2 

23.36, 

23..54 

23.46 

19.18, 

19.27 

19.14 

0113 

207—209 

72 

1.2781 

C7H7OPF2 

22.05, 

21.46 

21.62 

17.68, 

17.55 

17.61 

Cl 

211—213 

93 

1.3381 

C6H4OPF2CI 

19.21, 

19.17 

19.33 

15.81, 

16.20 

15.78 

we  obtained  aniline  salts  of  arylphosphonofluoridic  acids  of  type;  ArP(O)  FOC^sNHj. 

These  salts  are  quite  stable  compounds  and  can  be  recrystallized  from  water.  Aniline  and  carbon  dioxide 
are  liberated  when  they  are  treated  with  a  saturated  water  solution  of  potassium  carbonate,  and  the  potassium 
salt  of  phenylphosphonofluoridic  acid  is  formed.  The  aniline  salt  of  phenylphosphonofluoridic  acid  is  reprecipitated 
if  aniline  hydrochloride  is  added  to  a  water  solution  of  the  potassium  salt. 


+  K,co, 

CeH5P(0)F0-CeH6NH3  .  •>'  C6H5P(0)FOK 

C.H4NH,  •  HCl 

The  aniline  salts  of  the  arylphosphonofluoridic  acids  are  colorless  crystalline  compounds,  readily  soluble  in 
alcohol  at  20®,  and  in  water  and  acetone  when  heated,  and  difficultly  soluble  in  benzene,  ether,and  petroleum  ether. 

EXPERIMENTAL 

Phenyltetr afluorophosphor ane.  Both  the  yield  and  the  purity  of  phenyltetrafluorophosphorane  are  strongly 
dependent  on  the  preparation  conditions.  For  this  reason  a  detailed  description  of  the  apparatus  and  method  of 
operation  is  given  below,  making  it  possible  to  run  die  synthesis  with  the  complete  exclusion  of  atmospheric 
moisture.  Into  a  10O*ml  Claisen  flask  1  is  charged  10. 3  g  of  phenylphosphonous  dichloride.  A  stream  of  dry  chlorine 
is  passed  into  the  flask  through  tube  2  (see  figure).  When  the  absorption  of  chlorine  ceases  and  solid  phenyltetra- 
chlorophosphorane  has  been  formed,  tube  2  is  lifted  out  of  rubber  sleeve  3,  the  sleeve  clamped  with  a  Mohr  clamp, 
then  tube  2  with  stopper  5  is  removed,  and  a  flask  containing  15.7  g  of  antimony  trifluoride  is  inserted  on  stopper 
4.  The  antimony  trifluoride  is  added  in  small  portions  by  opening  and  closing  the  Mohr  clamp.  The  reaction  is 
vigorous  and  a  large  amount  of  heat  is  evolved.  The  Claisen  flask  is  cooled  occasionally  in  a  mixture  of  water 
and  ice.  The  reaction  is  run  with  the  adapter  stopcock  6  closed.  When  reaction  is  ended,  the  rubber  connection 
on  tfie  calcium  chloride  tube  is  clamped  shut,  the  stopcock  is  opened,  a  water-jet  pump  is  connected  to  distributing 
receiver  8,  and  the  reaction  product  is  distilled.  At  the  start  of  distillation,  in  order  to  remove  the  hydrofluoric 
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TABLE  3 

Arylamlne  Salts  of  Arylphosphonofluroidic  Acids  of  Type  p-RC^H^P^F 

^ONH3C«H4-R'-p 


Melting 

point 

Empirical 

formula 

•/. 

F 

”/,  P 

%  c 

•/. 

u 

u 

K' 

found 

1 

calc.  1  found 

calc. 

found 

calc, 

founc 

calc. 

H 

H 

173— 174« 

Gl2lIl302NPF 

7.82. 

7.57 

7.52 

5.85, 

5.76 

5.53 

II 

CH3 

168—169 

C13HK.O2NPF 

7.15, 

6.94 

7.10 

5.15, 

5.26 

5.24 

58.26. 

58.40 

58.42 

5.89, 

5.65 

5.65* 

Cl 

CH3 

155-157 

C13H14O2NPFCI 

6.67, 

6.03 

•  6.31 

CII3 

H 

133—135 

C13H15O2NPF 

6.77, 

6.84 

7.12 

•  This  compound  was  analyzed  in  the  Microanalysis  Laboratory  of  the  Institute  of  Hetero- 
organic  Compounds  of  the  Academy  of  Sciences  of  the  USSR. 


acid  formed  as  the  result  of  glass  etching  from  the  system,  Claisen  flask  7  is  not  cooled.  Then  flask  7  is  cooled 
to-50  to  -60”,  and  the  phenyltCtrafluorophosphorane  is  distilled  at  the  vacuum  of  die  water-jet  pump.  When  dis¬ 
tillation  is  done,  the  adapter  stopcock  is  closed,  the  vacuum  disconnected,  and  air  is  carefully  bled  into  the  system 
through  a  tube  filled  with  phosphorus  pentoxide.  Then  the  distillation  is  continued  at  atmospheric  pressure.  The 
pure  compound  is  collected  in  a  receiver  with  a  stopcock,  from  which  the  substance  is  removed  in  a  stream  of  dry 
carbon  dioxide;  yield  7.0  g.  The  other  aryltetraphosphoranes  are  obtained  in  a  similar  manner. 

Phenylphosphonic  difluorlde.  A  charge  of  7.3  g  of  phenylphosphonic  dichloride  is  placed  in  a  Claisen  flask, 
and  then  4. 6  g  of  zinc  fluoride  is  added.  A  heating  up  and  frothing  of  the  liquid  occurs  within  several  minutes. 

The  substance  is  distilled  at  atmospheric  pressure;  yield  5. 5  g.  The  other  arylphosphonic  difluorides  are  obtained 
in  a  similar  manner. 


N 

/  \ 


Aniline  salt  of  p-tolylphosphonofluoridic  acid.  Aniline  (8.1  g)  is  added  to  4.4  g  of  p-tolyltetrafluorophosphorane, 
and  the  reaction  mixture  is  allowed  to  stand  overnight.  Then  the  benzene  is  distilled  off  using  a  water-jet  pump, 
without  protection  from  atomospheric  moisture.  The  solid  residue  is  transferred  to  a  glass  filter,  where  the  product 
is  washed  with  benzene  and  ether,  followed  by  recrystallization  from  water;  yield  3.2  g.  The  aniline  and  toluidine 
salts  of  the  other  arylphosphonofluroidic  acids  are  obtained  in  a  similar  manner. 
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SUMMARY 


Some  aryltetrafluorophosphoranes  and  the  difluorides  of  phenyl-,  p-tolyl-,and  p-chlorophenylphosphonic 
acid  were  synthesized,  and  their  properties  were  described. 
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SPATIAL  STRUCTURE  AND  REACTIVITY 

XV.  INTERACTION  OF  SEPARATED  ATOMIC  GROUPINGS  BASED  ON 

DATA  OF  INVESTIGATING  THE  KINETICS  OF  REACTION  OF  AMINO  DERIVATIVES 

OF  TOI.AN  WITH  p-NITROBENZOYL  CHLORIDE  AND  PICRYL  CHLORIDE 


L.  M.  Litvinenko  and  N.  F.  Levchenko 
Kharkov  State  University 


Based  on  a  study  of  the  kinetics  of  reaction  of  amino  and  aminonitro  drivatives  of  biphenyl  and  trans-stilbene 
with  p-nitrobenzoyl  chloride  and  picryl  chloride  in  benzene  solution,  it  was  shown  by  us  in  an  earlier  paper  of  this 
series  [1]  that  the  molecular  system  of  stilbene,  in  which  the  benzene  rings  are  separated  by  an  ethylene  bridge,  is 
a  poorer  transmitter  of  electronic  effects  (from  one  ring  to  the  other)  than  the  biphenyl  system,  where  the  benzene 
rings  are  linked  directly. 

In  this  paper  we  give  the  results  of  investigating  the  kinetics  of  reaction  of  p-nitrobenzoyl  chloride  and  picryl 
chloride  with  similar  tolan  derivatives,  and  specifically,  with  4-aminotolan  (I)  and  4-amino-4'-nitrotolan  (II), 
under  conditions  completely  identical  with  the  previous. 

NHa  QsN— ^C=C— ^  ^-NHg 

(I)  (H) 

A  study  of  the  reactivity  of  (I)  and  (II)  makes  it  possible  to  determine  whether  the  influence  exerted  by  the 
4’ -substituent  on  the  reacting  group  is  transmitted  better  by  the  stilbene  system,  in  which  the  benzene  rings  are 
connected  by  an  ethylene  bridge,  or  by  the  tolan  system,  where  the  two  benzene  rings  are  linked  by  an  acetylene 
bridge. 

The  results  obtained  here  also  answer  to  a  certain  degree  the  question  of  which  of  the  two  types  of  bonds— 
double  or  triple—  is  the  better  conductor  of  the  electronic  effects  that  influence  a  chemical  process. 

EXPERIMENTAL 

I.  Preparation  and  purification  of  starting  materials.  Benzene,  p-nitrobenzoyl  chloride  [2]  and  picryl  chloride 
[1]  were  purified  as  indicated  earlier. 

4-Aminotolan  was  synthesized  by  the  method  described  by  us  earlier  [3],  and  was  purified  further  by  recrystall¬ 
ization  first  from  dilute  (2: 1)  methanol,  and  then  repeatedly  (6—7  times)  from  benzene.  The  compound,  after  drying 
in  a  vacuum  oven  at  65"  for  1  hr  •,  had  m.p.  128—129". 

4-Amino-4*-nitrotolan  (II)  was  synthesized  by  the  earlier  described  method  [3],  and  was  purified  further  by 
recrystallization  from  ethanol  (oncet  activated  carbon),  and  then  from  chlorobenzene  (3  times).  The  crystals,  after 
washing  with  a  little  benzene,  were  dried  in  a  vacuum  oven  at  100"  for  6  hr.  M.p.  204". 


♦The  substance  gradually  turns  yellow  if  dried  for  a  longer  time,  or  at  a  higher  temperature. 
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TABLE  1 


Kinetics  of  Reaction  of  4-Aminotolan  with  p-Nitrobenzoyl  Chloride. a  =  0.0025M; 
b  =  0.005M 


25<» 

50® 

ti(inmin) 

yield 

(in<^) 

tjfinmini) 

yield 

(in‘^fo) 

kj  (in  liter/ 
mole/sec) 

rti 

20 

■91 

2 

8 

22.6 

0.126 

2 

36 

2 

13 

31.3 

0.121 

2 

60 

Bn 

0.0400 

2 

25 

46.3 

0.tt9 

2 

100 

54.5 

0.0402 

2 

37 

55.6 

0.117 

2 

170 

67.5 

0.0410 

2 

70 

70.5 

0.118 

2 

^250  =  0.0406  ±  0.0006 

E  =  8300  cal/mole;  log  A  =  4.69;  AS^  —39.1  cal/deg  *  mole. 


TABLE  2 

Kinetics  of  Reaction  of  4-Amino-4*-nitrotolan  with  p-Nitrobenzoyl  Chloride.a  =  0.0025M; 
b  =  0.005M 


50<» 

(in  min) 

yield 
(in  %) 

kj  (in  liter/ 
mole/sec) 

B 

tj  (in  mini 

yield 

(in 

kj  (in  liter/ 
mole/sec) 

nf 

60 

16.6 

0.01 1 1 

H 

18 

14.7 

0.0331 

2 

100 

23.7 

0.0104 

37 

25.2 

0.0315 

2 

167 

32.4 

0.00961 

70 

37.6 

0.0297 

2 

303 

46.0 

0.00943 

127 

51.1 

0.0284 

2 

718 

67.0 

0.00949 

mm 

243 

67.3 

0.0292 

2 

Kjjo  =  0.0100  ±  0.0005 

Kjoo  =  0.0304  ±0.0013 

E  =  8500  cal/mole;  log  A  =  4.24;  AS^  -41.2  cal/deg  *  mole 

It  is  interesting  to  mention  that  an  alcohol  solution  of  (II)  has  an  intense  red  color  (the  color  is  also  dark  red 
in  the  crystalline  state),  whereas  benzene  and  chlorobenzene  solutions  are  light  yellow.  It  seems  to  us  that  this  is 
evidence  that  in  a  polar  solvent  like  alcohol, the  color  of  a  given  compound  is  to  a  large  extent  determined  by 
exomolecular  reaction  forces.  The  latter,  as  was  shown  by  IzmaiTskii  [5,  6],  is  quite  characteristic  for  compounds 
that  have  a  similar  structure. 

IL  Method  of  kinetic  measurements  and  results.  The  method  used  to  measure  the  reaction  rates,  and  also 
the  methods  used  to  calculate  the  bi molecular  rate  constant,  activation  energy  (E),  frequency  factor  (A)  and  activa¬ 
tion  entropy  (AS  •),  were  described  earlier  [1].  In  all  of  the  experiments  the  initial  concentration  of  p-nitrobenzoyl 
chloride  or  picryl  chloride  (a)  was  always  half  the  initial  concentration  of  the  amine  (b). 

The  numerical  data  obtained  for  the  reaction  of  amino  derivatives  of  tolan  are  given  in  order  in  Tables  1—4, 
where  the  following  designations  apply;  kj  and  k  are  respectively  the  average  values  of  the  rate  constant:  1)  for 
a  given  time  t^  with  number  of  measurements  n^,  and  2)  for  all  Zni  measurements.  In  these  tables,  the  average 
values  of  the  reaction  yield  for  nj  measurements  are  given  in  the  second  column. 

The  principal  data  on  the  kinetics  of  the  reaci;ions  studied  by  us  in  the  present  paper,  and  also  the  values  of 
some  of  the  constants  for  reactions  studied  by  us  earlier,  are  summarized  in  Table  5. 

From  the  data  in  Tables  3  and  4  it  can  be  seen  that  the  rate  constant  for  the  reaction  of  amino  derivatives 
of  tolan  widi  picryl  chloride  decreases  somewhat  with  time.  Because  of  the  lack  of  availability  of  the  indicated 
amines,  we  didn't  have  sufficient  amounts  of  them  to  permit  making  a  study  of  the  reasons  for  this  phenomenon, 
but  it  is  possible  to  assume  that  because  of  the  high  unsaturation  and  the  specific  traits  of  the  spatial  structure  of 
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TABLE  3 


Kinetics  of  Reaction  of  4-Aininotolan  With  Picryl  Chloride  a  =  0.0050M;  b  -  O.Olm 


25« 


50® 


^  (inmin) 

yield 
(in  <1o) 

kj  (in  liter/ 
mole/sec) 

yield 
(in  %) 

kj  (in  liter/ 
mole/sec) 

51 

21.0 

0.00872 

2 

14 

21.8 

0.0344 

2 

75 

26.8 

0.00820 

2 

30 

35.0 

0.0310 

2 

108 

34.6 

0.00821 

2 

50 

47.1 

0.0308 

2 

164 

44.4 

0.00818 

2 

65 

53.8 

0.0310 

2 

245 

54.3 

0.00813 

2 

120 

67.7 

0.0302 

2 

446 

67.9 

1 

0.00796 

2 

=  0.00823  ±  0.00016 


A:5oo  =  0.0315±0.0011 


E  =  10,300  cal/mole;  log  A  =  5.45;  AS^  =  -35.6  cal/deg  .mole. 


TABLE  4 

Kinetics  of  Reaction  of  4-Amino-4'-Nitrotolan  With  Picryl  Chloride  a  =  0.005  M;  b  =  0.01  M 


25® 


50® 


ni 

Ci(in  minp 

yield 
(in  % 

{HH 

220 

19.9 

0.00189 

2 

65 

0.00750 

2 

368 

28.9 

0.00185 

2 

0.00704 

2 

720 

42.6 

0.00173 

2 

0.00683 

2 

1293 

55.4 

0.00161 

2 

0.00665 

2 

=  0.00177±  0.00010  I  A"  500  =  0.00701  ±0.00029 


E  =  10,600  cal/mole;  log  A  =  4.98;  -37 18  cal/deg  .mole. 


amino  derivatives  of  tolan,  the  kinetics  of  their  reaction  with  picryl  chloride  is  influenced  to  some  degree  either 
by  the  possible  formation  of  a  molecular  compound  between  the  two  reaction  components  (see  [1,  4])  ot  by  the 
factors  of  exomolecular  association  of  like  molecules  of  amino  derivatives  [5,  6]  (see  [1]).  However,  even  if  these 
effects  are  present,  their  role  is  small,  and  consequently  they  can  exert  very  little  influence  on  the  conclusions  made 
in  the  present  paper. 

Some  of  the  experiments,  made  with  various  initial  concentrations  of  the  starting  components,  revealed  that 
the  rate  constants  of  the  investigated  reactions,  die  same  as  had  been  established  earlier  for  similar  cases  [7—10], 
hardly  change  with  dilution.  Thus,  for  example,  for  the  reaction  of  4-aminotolan  with  picryl  chlcxide,  at  a  =  0.0025 
and  b  =  0.095,  Kjj®  =  0.00835  liter/ mole ^ sec,  while  at  a  =  0.005  and  b  =  0.01,  Kj^  =  0.00823  liter/ mole  •  sec. 

DISCUSSION  OF  RESULTS* 

A  comparison  of  the  results,  obtained  in  studying  the  reaction  of  aniline,  4-aminotolan,  4-aminostilbene, 
and  4-aminobiphenyl  with  the  two  electrophilic  reagents,  reveals  that  in  their  electron- acceptor  effect,  p- 
substituents  introduced  into  the  aniline  molecule  can  be  arranged  in  the  following  order:  C6H5<C6H5— CH  =CH- 
CeHs-CsC-. 

Using  the  ratios  of  the  rate  constants  for  the  reactions  of  the  monosubstituted  and  disubstituted  derivatives, 
Le.,J^  (factor 2).  it  is  possible  to  give  (the  same  as  we  had  done  earlier  [1])  a  quantitative  estimate  of  the  con- 


*  See  Summary,  Table  5. 
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TABLE  5 

Summary  Data  on  the  Kinetic*  of  Reaction  of  Amines  With  p-Nitrobenzoyl  Chloride  and  Picryl  Chloride 


I 
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•The  terms  have  the  same  dimensions  as  in  Tables  1—4 
**PNBC  is  p-nitrobenzoyl  chloride,  and  PC  is  picryl  chloride. 


ductance  shown  by  the  molecular  systems  discussed  here  with  respect  to  the  electronic  interaction  of  4,4’ -substituents. 
In  Table  6  we  have  given  the  values  ofj,  which  show  that  In  the  tolan  system,  the  same  as  in  the  analogous  stilbene 
system,  the  influence  of  the  nitro  group  on  the  reactivity  of  the  amino  group  is  expressed  more  weakly  than  in  the 
case  of  the  biphenyl  system.  It  is  interesting  that  the  tolan  system,  showing  a  higher  unsaturation  of  the  bonds  in 
the  bridge,  is  apparently  even  a  somewhat  poorer  conductor  of  electronic  effects  than  the  stilbene  system.  If  the 
geometric  configuration  of  the  tolan  system  is  compared  with  that  of  stilbene  and  biphenyl,  then  in  contrast  to 
stilbene,  which  has  a  trans-configuration  [11],  and  in  contrast  to  biphenyl,  where  the  hydrogen  atoms  in  the  2,2’- 
positlons  create  a  hindrance  to  the  internal  rotation  of  the  benzene  rings  around  the  single  bond  linking  them 
(which  determines  the  noncoplanar  arrangement  of  these  rings  in  biphenyl  and  its  derivatives  [12—14]  in  solutions 
or  in  the  vapor  state),  the  tolan  system,  due  to  its  linearity  and  the  considerable  distance  between  its  2,2’  hydrogen 
atom?  (see  [11],  p.  404),  differs  from  the  other  two  systems  discussed  in  that  it  shows  the  least  steric  hindrance  for 
the  electronic  interaction  of  4,4’-substi<^uents.  And  if  such  interaction  is  still  expressed  more  weakly  in  it  than  in 
the  biphenyl  and  stilbene  systems,  then  it  should  first  be  regarded  as  due  to  the  fact  that  the  acetylene  bridge,  in¬ 
serted  between  *yfo  benzene  rhigs,  offers  substantial  resistance  to  the  transmission  of  the  mutual  effect  of  substituents 
through  It,  while  on  the  other  hand,  another  explanation  is  that  probably  the  carbon-carbon  triple  bond  in  txrganic 
molecules,  despite  its  greater  unsaturation  and  shorter  length  when  compared  with  the  C=C  double  bond,  not  only 
does  not  show  a  superior  conductance  of  the  electronic  effects  of  groups  attached  to  it,  but  is  even  somewhat  inferirx 
to  the  double  bond  in  this  respect.  This  conclusion  is  found  to  be  in  harmony  with  the  comparative  data  obtained 
for  the  absorption  spectra  of  diphenyl  drivatives  of  polyynes  and  polyenes,  where  the  conclusion  was  made  that  the 
first  class  of  compounds  show  less  complete  conjugation  than  the  second  class  [15]  (see  [1,  9]). 

Regarding  the  energy  parameters  of  the  reactions  studied  in  this  paper,  it  can  be  said  that  the  indicated 
reactions  go  at  low  values  of  E  and  AS*  ,  in  which  connection  the  reactions  involving  picryl  chloride  are  character¬ 
ized  by  having  somewhat  higher  values  for  these  terms  than  in  the  case  of  p-nitrobenzoyl  chloride.  It  should  also 
be  mentioned  that  when  different  amines  are  reacted  with  the  same  electrophilic  reagent,  the  changes  in  AS*  are. 

In  general,  considerably  smaller  than  the  changes  in  E  when  going  from  one  amino  derivative  to  another. 


TABLE  6 

Values  of  Factors  £  for  the  Molecular  Systems  of  Tolan,  Stilbene 
and  Biphenyl 


System 

I  f2tf>  for  re¬ 
action  with 
p-nitrobenzoyl 
chloride 

fzf  for  re¬ 
action  with 
picryl 
chloride 

0 

1 

n 

111 

o 

1 

u 

1 

4.06 

4.65 

4.89 

5.12 

\_/  \_/ 

10.6 

13.6 

SUMMARY 

1.  Based  on  a  study  of  the  kinetics  of  reaction  of  4-aminotolan  and  4-amino -4* -nitrotolan  with  p-nitrobenzoyl 
chloride  and  picryl  chloride  in  benzene  solution,  and  a  comparison  of  the  obtained  results  with  the  kinetics  data  for 
earlier  investigated  monotypic  reactions  involving  amino  and  aminonitro  derivatives  of  biphenyl  and  trans -stilbene. 

It  was  shown  that  the  molecular  system  of  tolan,  in  which  the  benzene  rings  are  separated  by  an  acetylenic  bridge. 

Is  a  poorer  conductor  of  the  mutual  electronic  effects  of  4,4’ -substituents  than  the  biphenyl  system,  where  the  benzene 
rings  are  directly  attached  to  each  other. 

2.  The  molecular  system  of  tolan  is  a  somewhat  poorer  conductor  of  the  mutual  electronic  effects  of  4,4’- 
substituents  than  the  analogous  trans -stilbene  system,  although  the  difference  between  the  two  systems  in  this  respect 
is  small. 
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p -D  1(2 -C HLOROETHYL)AMINOP HEN YL ALANINE  C’S ARCOLYSIN"  ) 

AND  ITS  DERIVATIVES 
III.  a-N-ACYL  DERIVATIVES* 

E.  N.  Shkodlnskaya ,  M.  N.  Vasil'eva,  O,  S,  Vasina, and  A.  Ya.  Berlin 

The  synthesis  of  p-di(2-chloroethyl)aniinophenylalanine  ("sarcolysin")(ClCHjCHj)jNCjH/3HjCH(NH2X^OOH 
was  reported  by  us  earlier  [1],  The  HCl  salt  possesses  highly  valuable  antitumor  properties  and  is  quite  effective 
In  the  treatment  of  certain  human  malignant  tumors  [2,  3],  This  was  the  first  evidence  in  support  of  die  theory 
that  the  activity  of  B  -chloroethylamines  is  enhanced  if  they  are  coupled  to  compounds  with  metabolic  activity  [  4]. 

It  is  quite  possible  for  various  sarcolysin  derivatives,  possessing  somewhat  different  chemical  and  physico¬ 
chemical  properties  than  sarcolysin  Itself,  to  show  also  a  different  antitumor  effect,  meaning  by  this  a  change  both 
in  the  relative  toxicity  of  a  compound  and  in  the  specific  direction  of  its  action  against  certain  types  of  malignant 
growths. 

Starting  from  these  considerations,  we  undertook  a  systematic  synthesis  of  sarcolysin  derivatives  in  which  both 
the  carboxyl  group  and  the  a-amino  group  were  substituted  [51. 

In  tiiis  paper  we  describe  some  ot-N-acyl  derivatives  of  p-di(2-chloroethyl)aminophenylalanine. 

It  is  known  that  the  N-formyl  derivatives  of  many  amino  acids  are  easily  formed  by  heating  the  amino  acid 
with  fc^mic  acid  at  100*.  However,  it  proved  that  the  reaction  of  sarcolysin  with  anhydrous  formic  acid  either 
does  not  go  at  all,  or  it  goes  with  great  difficulty  and  gives  the  desired  compound  in  low  yield.  For  this  reason,  we 
ran  the  formylation  of  sarcolysin  in  the  presence  of  acetic  anhydride  [6],  and  this  led  to  an  81*7o  yield  of  a-N-formyl- 
sarcolysln. 

In  a  similar  manner,  the  refluxing  of  sarcolysin  with  acetic  acid  and  acetic  anhydride  gave  a-N-acetyl- 
sarcolysin  in  80 yield. 

It  is  indicated  in  the  literature  that  amino  acids  having  an  iodoacetyl  radical  on  the  nitrogen  possess  the 
ability  to  inhibit  tumor  growth.  Thus,  N-iodoacetyltryptophan,  N -iodoacetylleucine  and  N-iodoacetylphenyl- 
alanine  respectively  inhibit  the  growth  of  mouse  sarcoma  37  to  the  extent  of  42,  47,and  81%  [7], 

This  observation  caused  us  to  synthesize  also  some  a -N -haloacetyl  derivatives  of  sarcdlysin.  Our  first  attempts 
to  prepare  N-chlwoacetylsarcolysin,  starting  with  sarcolysin  and  chloroacetic  acid  in  the  presence  of  acetic  anhydride, 
led  to  obtaining  a  bright  yellow  compound  with  m.p.  146—149*,  apparently  being  2-methyl -4-[p-di(2-chloroethyl) 
aminobenzylidene]  -  2  -ox  azolin  -5  -one  [  8]. 


p-(ClCH2GH2)2NG6H4GH2GHCOOH  GIGH2GOOH 
NHa 

-GO 


p-(GlGH2GH2)2NG6H4GH=G- 


N  O 
^G^GHg 


(CH,C0),0 


•For  Communications  I  and  II  see  [1]  and  [6],  respectively. 
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Attempts  to  obtain  the  desired  compound  by  reacting  sarcolysin  with  chloroacetyl  chloride,  either  under  the 
conditions  of  long  refluxing  in  ethyl  acetate  [9]  or  by  heating  in  a  sealed  tube,  also  proved  unsuccessful. 

In  view  of  the  encountered  difficulties,  we  turned  to  die  elegant  method  [10]  of  forming  both  die  amide  and 
the  peptide  linkage  from  the  corresponding  acid  and  amine  using  dlcyclohexylcarbodiimide. 

RCOOH  +  Ha.NR^-f  Co[IuN=aG=iNCttHu  -►  RoJNlIlV -f-GoHuNHGO.VlICJaHii 

In  this  manner,  starting  with  the  Isopropyl  ester  of  sarcolysin,  we  readily  obtained  the  isopropyl  ester  ofo- 
N-chloroacetylsarcolysin  and  the  isopropyl  ester  of  a -N -iodoacetylsarcolysin. 

We  wish  to  thank  the  co-workers  in  the  analytical  laboratory,  under  the  supervision  of  A.  D.  Chinaeva,  for 
running  the  analyses. 


EXPERIMENTAL 

g “N -Formylsarcolysin.  Into  a  three-necked  flask,  fitted  widi  a  stirrer,  dropping  funneLand  reflux  condenser, 
was  charged  2  g  of  sarcolysin  and  30  ml  of  96*70  formic  acid.  The  flask  was  heated  to  50—60*,  and  then  8  ml  of 
acetic  anhydride  was  added  dropwise  in  20  min.  The  solution  was  then  heated  for  another  30  min  at  60*,  after 
which  it  was  cooled  and  treated  with  110  ml  of  water.  After  cooling,  the  crystalline  compound  was  filtered,  washed 
with  water,  and  dried  in  a  vacuum  desiccator  over  phosphorus  pentoxlde.  We  obtained  1.7  g  (S0.9io)  of  g-N-formyl- 
sarcolysin  with  m.p.  149—151*.  After  recrystallization  from  96*70  alcohol,  m.p.  151—152*. 

Found  *7o:  C  50.75;  H  5.65;  N  8.55.  C14H18O3N2CI2.  Calculated  <7o:  C  50.46;  H  5.44;  N  8.4. 

Using  different  conditions,  and  specifically  after  a  double  refluxing  (3  hr  each)  of  sarcolysin  with  98*7o  formic 
acid,  with  removal  of  the  acid  by  vacuum  distillation  each  time,  we  were  able  to  isolate  N -formylsarcolysin  in  a 
total  yield  of  only  20*7®. 

g  -N  -  A  cetylsarcolysin.  With  stirring  and  heating  at  a  bath  temperature  of  60*,  30  ml  of  acetic  anhydride  was 
added  dropwise  in  10  min  to  a  mixture  of  6  g  of  sarcolysin  and  60  ml  of  glacial  acetic  acid.  The  heating  was 
continued  for  another  10  min.  The  light-yellow  solution  was  poured  into  200  ml  of  cold  water,  and  then  water  was 
added  until  a  precipitate  began  to  form  The  obtained  substance  was  filtered,  washed  with  water,  and  dried  in  a 
vacuum  desiccator  over  phosphorus  pentoxide.  We  obtained  5.3  g  (787o)  of  g-N-acetylsarcolysin  with  m.p.  151— 
152*.  M.  p.  153-154*  (from  alcohol). 

Found  *7o;  C  51.84;  H  5.73;  N  8.13;  Cl  20.73.  C15H20O3N2NCI2.  Calculated  *7o:  C  5L89;  H  5.76;  N  8.07; 

Cl  20.43. 

2-Methyl -4-fp  “di(2-chloroethyl)aminobenzylidene] -2 -oxazolin -5 -one.  To  15  g  of  monochloroacetic  acid 
were  added  1  ml  of  acetic  anhydride  and  1  g  of  sarcolysin,  after  which  the  reaction  mixture  was  stirred  for  15  min 
at  70*.  The  bright  yellow  viscous  solution  was  poured  into  water  (about  700  ml).  The  obtained  oil  was  washed  with 
water  and  then  extracted  with  ether.  The  ether  solution  was  dried,  and  the  ether  was  removed  in  vacuo  to  give  a 
bright  yellow  crystalline  comoound,  difficultly  soluble  in  ether.  Weight  0.5  g,  m.p.  146—149*. 

Found  *7o-.  N  8.92;  Cl  21.89.  Ci5HiP2N2Cl2.  Calculated  *7o;  N  8.56;  Cl  21.67. 

Isopropyl  ester  of  g-N -iodoacetylsarcolysin.  A  charge  of  L73  g  of  the  isopropyl  ester  of  sarcolysin,  obtained 
from  the  hydrochloride  [5],  and  10  ml  of  dry  chloroform  was  placed  in  a  100 -ml  flask.  The  obtained  solution  was 
treated  with  a  solution  of  L03  g  of  dicyclohexylcarbodiimide  in  chloroform  (10  ml),  followed  by  the  addition  of 
0.93  g  of  iodoacetic  acid  (m.p.  80—83*)  in  chloroform.  Both  a  heating-up  of  the  reaction  mixture  to  35*  and  the 
separation  of  a  white  precipitate  were  observed  during  the  addition  of  the  iodoacetic  solution.  The  mixture  was 
shaken  for  1  hr,  and  then  allowed  to  stand  overnight  at  room  temperature.  Removal  of  the  dicyclohexylurea  by 
filtration,  and  evaporation  of  the  filtrate  to  dryness,  left  2.9  g  of  liquid  residue,  which  solidified  when  rubbed  with 
anhydrous  alcohol  and  ether.  A  crystalline  compound  with  m.p.  104—108*  was  obtained  after  recrystalliiation 
from  anhydrous  alcohol.  Yield  1.7  g  (687o).  M.p.  108—110*  (from  alcohol). 

Found  *7):  C  42.06;  H  5.02,  N  5.63.  CttH2503N2Cl2L  Calculated  *70;  C  41.95;  H  491;  N  5.4a 

Isopropyl  ester  of  g-N-chloroacetylsarcolysin.  A  solution  of  0.47  g  of  freshly  distilled  chloroacetic  acid  in 
10  ml  of  CHCI3  was  added  to  a  solution  of  1.73  g  of  the  isopropyl  ester  of  sarcolysin  and  1.03  g  of  dicycldiexyl- 
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carbodiimide  in  20  ml  of  dry  chloroform.  The  reaction  mixture  was  shaken  for  1  hr,  and  then  allowed  to  stand 
overnight  at  room  temperature.  The  obtained  precipitate  of  dicyclohexylurea  was  filtered,  and  the  filtrate  was 
evaporated  in  vacuo  to  dryness  (bath  temperature  not  above  50*).  The  residue  was  rubbed  with  ether,  and  the  ob¬ 
tained  product  was  filtered  and  dried.  We  obtained  1,05  g  of  compound  with  m.p.  85— 89*.  After  3  recrystallizations 
from  anhydrous  alcohol,  m.p.  89—92*. 

Found‘d:  C  50.84;  H  5.95;  N  6.79.  CmHjbOjNjCI,.  Calculated C  51.01;  H  5.94;  N  6.61. 

SUMMARY 

The  preparation  of  the  following  a -N -acyl  derivatives  of  p-di(2-chloroethyl)amlno-DL-phenylalanlne 
(sarcolysin)  is  described:  a-N-formylsarcolysin,  ct-N-acetylsarcolysln,  isopropyl  ester  of  ot-N-iodoacetylsarcolysln, 
and  isopropyl  ester  of  a-N-chloroacetylsarcolysin,  2-Methyl-4-(p-di(2-chloroethyl)amlnobenzylidene]-2-oxazolln- 
5-one  was  also  obtained. 
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CATALYTIC  CONDENSATION  OF  SCHIFF  BASES  WITH  ORGANIC  COMPOUNDS. 
CONDENSATION  OF  SCHIFF  BASES  WITH  ACETALDEHYDE 

N.  S.  Kozlov  and  I.  A.  Shur 
Peim  Agricultural  Institute 


The  synthesis  of  2-phenyl-5,6-benzoquinolone  and  its  derivatives  has  received  very  little  study.  At  the 
present  time  the  principal  method  for  obtaining  die  compound  is  the  Doebner  method  [1],  based  on  the  condensation 
of  2'-naphthylamine  and  aromatic  aldehydes  with  pyrotartaric  acid.  The  compound  obtained  first  in  this  reaction  is 
2-phenyl-5,6-benzoquinoline-4-carboxylic  acid  or  its  derivatives,  which  by  decarboxylation  is  converted  to  2- 
phenyl-5,6-benzoquinollne  or  its  derivatives.  Individual  methods  for  obtaining  2-phenyl-5,6-benzoquinoline  are 
described  in  the  paper  by  John  and  Noziczka  [2],  where  the  condensation  of  2-naphthylamine  with  benzalacetone 
is  described,  leading  to  the  synthesis  of  4-methyl-2-phenyl“5,6-benzoquinoline,  and  also  in  die  paper  by  Kalff  [3], 
who  synthesized  2-phenyl-5,6-benzoqulnoline  from  2-naphthylamine  and  phenylpropargylaldehyde.  A  new  method 
for  the  synthesis  of  2-phenyl-5,6-benzoquinolone  and  its  various  derivatives  [5],  based  on  the  joint  catalytic  con¬ 
densation  of  2-naphthylamlne  and  aromatic  aldehydes  with  acetylene,  was  described  in  a  paper  by  one  of  us  [4]. 
Based  on  the  concepts  regarding  the  mechanism  of  the  last  named  reaction,  we  expressed  the  theory  that  the 
corresponding  Schiff  base  shows  catalytic  condensation  with  the  monoethylideneaniline  formed  in  the  reaction 
process,  since  the  latter,  having  labile  hydrogen  atoms,  adds  to  the  azomethine  group.  We  consider  the  mono- 
ethylidene  base  as  a  chemical  analog  of  acetaldehyde  [6];  in  this  connection  it  was  assumed  that  the  condensation 
of  a  Schiff  base  with  acetaldehyde  is  possible.  I1iat  such  a  reaction  is  possible  is  also  supported  by  the  data  ob¬ 
tained  by  one  of  us  [7],  where  the  condensation  of  benzalaniline  with  acetaldehyde  to  yield  2-phenylquinoline  was 
accompli^ed,  but  the  yield  of  the  latter  was  extremely  small. 

In  this  paper  we  studied  the  condensation  of  Schiff  bases, obtained  from  2-naphthylamine  and  various  aromatic 
aldehydes,  with  acetaldehyde.  The  following  Schiff  bases  were  taken  for  reaction  with  acetaldehyde:  benzal-2- 
naphthylamine,  m-  and  p-nitrobenzal-2-naphthylamine,  2 -hydroxybenzal -2-naphthylamine,  4-methoxybenzal-2- 
naphthylamine,  4-dimethylaminobenzal-2-naphthylamine,and  piperonal -2-naphthylamine.  As  the  end  reaction 
products  we  obtained  2-phenyl-5,6-benzoquinoline  and  its  nitro-,  hydroxy-,  methoxy-,  dimethylamino-,and  methyl- 
enedioxy-  derivatives. 

The  mechanism  of  the  reaction  studied  by  us  can  be  depicted  as  follows. 

CHa— CHO 
CHR 

+  CH3CHO  --►III 

rv" 

+  H20-f  Ha 

where  R=  CgHj,  o-HOC^4.  m- and  p-NOjC^^.  p-CHjOCjH^,  p-(CH5)2NC^4,  CH/^«Hj 


N=CHR 
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Free  hydrogen  is  not  liberated  here;  apparently  a  part  of  the  Schiff  base  is  consumed  for  the  hydrogenatioa 
which  is  in  agreement  with  the  literature  data  [8].  The  reaction  studied  by  us  has  a  catalytic  character.  As  catalyst 
we  used  2-naphthylamlne  hydrochloride.  We  had  previously  used  2-naphthylamine  hydrochloride  as  an  active 
catalyst  in  the  condensation  of  Schiff  bases  with  ketones  [9].  There  is  no  doubt  but  that  other  aldehydes  besides 
acetaldehyde  can  be  reacted  with  Schiff  bases;  this  opens  up  a  new  path  for  the  synthesis  of  many  derivatives  of 
2  -phenyl  -5, 6  -benzoquinoline. 


EXPERIMENTAL 

The  method  of  study  was  essentially  as  follows.  To  a  well-mixed  mixture  of  0.01  g-mole  (2.5— 3.0  g)  of 
Schiff  base,  0.5  g  of  2-naphthylamine  hydrochloride  and  10  ml  of  alcohol  in  a  test  tube  was  added  0.015  g-mole 
(0.60  g)  of  acetaldehyde  with  cooling.  Then  the  test  tube  was  sealed  and  heated  in  a  boiling  water  bath  for  1—3 
hr,  after  which  it  was  cooled.  The  crystalline  product  was  treated  with  dilute  alcoholic  ammonia  solution,  and 
then  recrystallized  from  pyridine.  The  obtained  results  are  given  in  the  table. 


ExpL 

No. 

Name  of  synthesized  compound 

Empirical 

formula 

Yield 

Our 

melting 

point 

Literature 

data 
[4,  5] 

1 

2-Phenyl-5, 6-benzoquinoline 

CiaHuN 

43.3 

188” 

188” 

2 

2-(2-Hydroxyphenyl)-5, 6-benzo¬ 
quinoline 

CisHuPN 

50.0 

218 

218 

3 

2-(4-Methoxyphenyl)-5,6-benzo- 

quinoline 

CjoHjsON 

21.1 

191-192 

192 

4 

2  -( 3  -N  itrophenyl )  -5 , 6  -benzoq  uino  - 
line 

^19^12^2^2 

40.0 

183 

182-183 

5 

2  -(4-N  itrophenyl  )-5 , 6-benzoquino  - 
line 

C]gH]202N2 

24.1 

196 

196 

6 

2-(4-Dimethylaminophenyl)-5,6- 

benzoquinoline 

C2iHaN2 

10.2 

242-243 

237-238 

7 

2 -P  iperonyl  -  5 , 6-benzoquinoline 

C20H13Q2N 

10.2 

182-183 

179 

From  the  data  given  in  the  table  it  follows  that  if  the  reaction  is  run  under  constant  conditions,  the 
structure  of  the  Schiff  base  exerts  an  effect  on  the  yield  of  the  quinoline  base.  The  low  yield  of  the  base  in  the 
syndiesis  of  2-(4-dimethylamlnophenyl)-5,6-benzoquinoline  and  2-piperonyl-5,6-benzoquinoline  is  due  to  the 
large  formation  of  tarry  products.  In  the  synthesis  of  2-(4-methoxyphenyl)-5,6-benzoquinoline,  together  with  the 
main  product,  substantial  amounts  of  a  substance  with  m.p.  260”  were  obtained,  which  substance  is  being  studied 
at  the  present  time.  The  melting  points  of  the  compounds  obtained  by  us  coincide  with  those  given  in  the  literature 
[4,  5].  The  mixed  melting  points  of  our  compounds  with  authentic  specimens  were  not  depressed. 

SUMMARY 

A  new  method  has  been  developed  for  the  synthesis  of  2-phenyl- 5,  6-benzoquinoline  and  its  various  deriva¬ 
tives,  The  method  is  based  on  the  catalytic  condensation  of  the  Schiff  bases  represented  by  benzal-2-naphthyl- 
amine  and  its  derivatives  with  acetaldehyde.  Seven  compounds  in  this  series  were  synthesized  by  this  procedure, 
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THIOCARBANILIDE  DERIVATIVES 

II.  SYNTHESIS  OF  ETHOXY-  AND  CARBOXY-SUBSTITUTED 

UNSYMMETRICAL  THIOCARBANILIDE  DERIVATIVES 

R.  G.  Dubenko  and  P.  S.  Pel'kis 

Institute  of  Organic  Chemistry,  Academy  of  Sciences  of  the  Ukrainian  SSR 


In  die  previous  paper  [1]  we  described  some  sulfonamido-  and  carboxy -substituted  symmetrical  thiocarbanilide 
derivatives.  It  is  indicated  in  the  literature  that  the  introduction  of  alkoxy  groups  into  the  phenyl  rings  of  thio¬ 
carbanilide  leads  to  compounds  with  substantial  antibacterial  activity  [2],  in  particular,  antitubercular  activity  [3]. 
For  this  reason  it  seemed  of  interest  to  prepare  a  number  of  ethoxy-  and  carboxy -substituted  unsymmetrical  thio¬ 
carbanilide  derivatives.  These  derivatives  were  obtained  from  the  corresponding  substituted  phenyl  isothiocyanates 
and  amines  by  the  scheme 


RNCS  f  RfNHz  — >RNIICNHR'. 

I 

The  substituted  phenyl  isothiocyanate  derivatives  needed  for  the  syntheses  were  prepared  from  the  correspond¬ 
ing  substituted  aniline  derivatives  and  thiophosgene  in  dilute  hydrochloric  acid  medium  [4],  This  procedure  gives 
the  aryl  isothiocyanates  in  good  yields.  The  compounds  synthesized  by  us  are  given  in  the  table.  They  were  obtained 
either  as  white  or  pale  yellow  crystalline  compounds  with  sharp  melting  points.  The  compounds  are  slightly  soluble 
in  organic  solvents,  and  are  readily  soluble  in  dilute  alkali  solutions. 

The  ultraviolet  absorption  curves  of  some  of  the  substituted  unsymmetrical  thiocarbanilide  derivatives  are 
shown  in  Fig.  1  and  2. 

A  SF-4  spectrophotometer  was  used  to  make  the  measurements  in  alcohol  solution. 

EXPERIMENTAL 

l-(p-ethoxy)-3-(p-sulfamoyl)-thiocarbanilide  (1),  A  mixture  of  2  g  of  p-ethoxyphenyl  isothiocyanate  and 
2  g  of  p-aminobenzenesulfonamide  (white  streptocide)  in  50  ml  of  acetone  was  heated  under  reflux  on  the  water 
bath  for  5  hr.  A  part  of  the  acetone  was  removed  in  vacuo.  On  cooling,  the  thiocarbanilide  separated  as  pale- 
yellow  crystals.  The  precipitate  was  filtered,  washed  in  sequence  with  alcohol  and  ether,  dried  in  vacuo,  and  re¬ 
crystallized  from  alcohol. 

1  -(p -Ethoxy ) - 3 -(p - acet am idosulfonyl ) -thioc arban il ide  (II ).  From  3  g  of  p-ethoxyphenyl  isothiocyanate  and 
3.9  g  of  sulfanilylacetamide  (albucid)  we  obtained  6  g  (91%)  of  l-(p-ethoxy)-3-(p-acetamidosulfonyl)-thiocarbanilide. 
Recrystallization  from  alcohol  gave  the  compound  as  pale -yellow  crystals. 

l-(p -Ethoxy )-3-[p-(4-sulfamoylanilino)sulfonyl] -thiocarbanilide  (III).  For  reaction  we  took  2  g  of  p-ethoxy¬ 
phenyl  isothiocyanate  and  3.7  g  of  4* -sulfamoylsulfanilanilide  (disulfan).  Recrystallization  from  alcdiol  gave  the 
thiocarbanilide  as  a  pale -yellow  crystalline  powder. 

l-(p-Ethoxy)-3-(p-cyanoaminosulfonyl)-thiocarbanilide  (IV).  For  reaction  we  took  3  g  of  p-ethoxyphenyl 
isothiocyanate  and  3.3  g  of  sulfanilylcyanamide  (sulcimide).  Recrystallization  from  acetone  gave  the  thiocarbanilide 
as  a  yellow  crystalline  product. 
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Fig.  1.  Absorption  curves  of  un- 
symmetrical  thiocarbanilide  deriva¬ 
tives  in  alcohol. 

1)  l-(p-Ethoxy)-3-(p-sulfamoyl)- 
thiocarbanilide  (I);  2)  l-(p-ethoxy)- 
*3-[p-(4, 6-dimethyl -2 -pyrimidinyl) 
aminosulfonyl]  -thiocarbanilide  (V); 

3)  l-(p-ethoxy)-3-[p-(5“ethyl-l,3,4- 
thiadiazol-2-yl)aminosulfonyl]-thio- 
carbanilide  (VII). 

Concentration  of  solutions:  (I)  and  (V) 

2.2  X  10 -®M;  (VII)  1.65  x  10 ’^M. 

l-(p-Ethoxy)-3-[p-(4,6-dimethyl-2-pyrimidinyl)aminosulfonyl]-thiocarbanilide  (V).  For  reaction  we  took 
2  g  of  p-ethoxyphenyl  isothiocyanate  and  3,1  g  of  2-sulfanilamido-4,6-dimethylpyrimidine  (sulfamethazine).  The 
obtained  product  was  recrystallized  from  alcohol. 

l-(p-Ethoxy)-3-[p-(2-thiazolyl)aminosulfonyl]-thiocarbanilide  (VI).  From  2  g  of  p-ethoxyphenyl  isothio- 
cyanate  and  2.7  g  of  N^-2-thiazolylsulfanilamide  (sulfathiazole)  we  obtained  4.4  g  of  the  thiocarbanilide.  The 
compound  was  recrystallized  from  alcohol. 

l-(p-Ethoxv)-3-[p-(5-ethyl-l,3.4-thiadiazol-2-yl)aminosulfonyl]-thiocarbanilide  (VII).  For  reaction  we 
took  3  g  of  p-ethoxyphenyl  isothiocyanate  and  4.7  g  of  N^-(5“ethyl-l,3,4-thiadiazol-2-yl)sulfanilamide  (ethazole). 
After  recrystallization  from  alcohol  we  obtained  6.6  g  of  the  thiocarbanilide. 

l“(P“Ethoxy)-3-(p-carbethoxy)-thiocarbanilide  (VIII).  For  reaction  we  took  2  g  of  p-ethoxyphenyl  isothio¬ 
cyanate  and  1.6  g  of  p-carbethoxyaniline  (anesthesine).  The  yield  of  the  thiocarbanilide  was  3.4  g. 

l-(p-Ethoxy)-3-(m-hydroxy-p-carboxy)-thiocarbanilide  (K).  For  reaction  we  took  2  g  of  p-edioxyphenyl 
isothiocyanate  and  1.7  g  of  the  sodium  salt  of  p -aminosalicylic  acid  (PASA).  The  thiocarbanilide  was  obtained 
as  pale  yellow  crystals. 


Fig.  2.  Absorption  curves  of  unsymmetrical  thio- 
c  arbanilide  derivatives  in  alcohol. 

1)  1  -(p  -C  arboxy)-  3  -(p  -sulf  amoyl )  -thiocarbanilide 
(X);  2)  l-(p-carboxy)-3-[p-(4,6-dimethyl-2- 
pyrimidinyl)aminosulfonyl] -thiocarbanilide  (XI); 

3)  l-(p-carboxy)-3-[p-(5-ethyl-l,3,4-thiadiazol- 
2  -yl)aminosulfonyl] -thiocarbanilide  (XV), 

Concentration  of  solutions:  (X)  and  (XI)  2.2  X 
10 ‘^M;  (XV)  1.65  X  10  "®M. 


l-(p-Carboxy)“3-(p-sulfamoyl)-thiocarbanilide  (X).  From  2  g  of  p-carboxyphenyl  isothlocyanate  and  2.2  g 
of  p-aminobenzenesulfonamide  (white  streptocide)  we  obtained  3.9  g  of  l-(p-carboxy)-3-(p-sulfamoyl)-thiocarbanil- 
Ide.  The  product  was  purified  by  precipitation  from  alkaline  solution  (5*^^  aqueous  NaOH  solution)  with  5‘lbhydrochlorl 
acid. 


Ethoxy-  and  Carboocy-Substituted  Uns\Tnmetrical  Thiocarbanilides  of  General  Formula 
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This  thiocarbanilide  was  also  obtained  from  mustard  oil,  white  streptocide  and  p-aminobenzoic  acid.  The 
mixed  melting  point  of  the  two  preparations  was  not  depressed. 

The  thiocarbanilide  derivatives  described  below  were  purified  by  precipitation  from  dilute  alkali  solution 
with  dilute  hydrochloric  acid. 

l-(p-Carboxy)-3~[p  (4, 6-dimethyl -2“pyrimidlnyl)amlnosulfonyl] -thiocarbanilide  (XI).  From  2.4  g  of  para- 
carboxyphenyl  isothiocyanate  and  3.4  g  of  2-sulfanilamido-4,6-dimethylpyrimidine  (sulfamethzaine)  we  obtained 
5.4  g  of  the  thiocarbanilide. 

l-(p-Carboxy)-3-[p-(4-sulfamoylanilino)sulfonyl] -thiocarbanilide  (XII).  For  reaction  we  took  2  g  of  p-carboxy- 
phenyl  isothiocyanate  and  3.8  g  of  4'-sulfamoylsulfanilanilide  (disulfan).  The  thiocarbanilide  was  obtained  as  a 
white  crystalline  powder. 

l-(p-Carboxy)-3-(p-sulfo)-thiocarbanilide  (XIII).  From  2  g  of  p-carboxyphenyl  isothiocyanate,  2  g  of  sulfanilic 
acid  and  1.3  g  of  sodium  carbonate  we  obtained  4. 1  g  of  the  disodium  salt  of  the  thiocarbanilide.  The  product  does 
not  melt. 

l-(p-Carboxy)-3-(p-carbethoxy)-thiocarbanilide  (XIV).  Far  reaction  we  took  2  g  of  p-carboxyphenyl  isothio¬ 
cyanate  and  L6  g  of  p-carbethoxyaniline  (anesthesine).  A  white  crystalline  product  was  obtained. 

l-(p-Carboxy)-3-rp~(5-ethyl-1.3,4-thiadlazol-2-yl)aminosulfonyl] -thiocarbanilide  (XV).  The  thiocarbanilide, 
prepared  from  3  g  of  p-carboxyphenyl  isothiocyanate  and  4.8  g  of  N^-(5-ethyl-l,3,4-thiadiazol-2-yl)-sulfanilamide 
(ethazole),  was  obtained  as  white  crystals  after  precipitation  from  5®/o  aqueous  NaOH  solution  with  dilute  hydrochloric 
acid. 


l-(p-Carboxy)-3-{p-(2-thiazolyl)aminosulfonyl]-thiocarbanilide  (XVI).  For  reaction  we  took  2.5  g  of  p- 
carboxyphenyl  isothiocyanate  and  3.5  g  of  N^-2-thiazolylsulfanilamide  (sulfathiazole).  The  compound  was  obtained 
as  white  crystals. 

l-(p-Carboxy)-3-(p-ureidosulfonyl)-thiocarbanilide  (XVII).  For  reaction  we  took  2  g  of  p-carboxyphenyl 
isothiocyanate  and  2  g  of  sulfanilylurea  (urosulfan).  The  compound  was  obtained  as  white  crystals. 

l-(p-Carboxy)-3-(p-acetyl)-thiocarbanilide  (XVIII).  For  reaction  we  took  2.68  g  of  p-carboxyphenyl  iso¬ 
thiocyanate  and  2  g  of  p-aminoacetophenone.  The  thiocarbanilide  was  obtained  as  yellow  crystals. 

SUMMARY 

Fifteen  new  substituted  thiocarbanilide  derivatives  were  synthesized.  Their  untravlolet  absorption  spectra 
were  measured. 
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TRIHALOMETHYLATION  OF  ORGANIC  COMPOUNDS 


N.  N.  Yarovenko  and  A.  S.  Vasil’eva 


The  purpose  of  this  work  was  to  find  ways  of  replacing  the  labile  hydrogen  atom  in  various  compounds  by  the 
trihalomethyl  group.  This  problem  had  been  solved  by  us  earlier  for  organic  compounds  containing  the  hydroxyl 
group  [1], 

In  this  paper  we  established  that  with  a  similar  procedure  it  is  possible  to  obtain  thioethers  from  thioalcohols, 
and  tertiary  amines  from  secondary  amines,  where  the  products  have  the  trichloromethyl  group  present  on  sulfur  or 
on  nitrogen,  respectively.  The  reaction  goes  in  two  stages:  The  first  is  introduction  of  the  halothiocarbonyl  group 
into  the  organic  molecule,  and  the  second  is  replacement  of  the  sulfur  in  the  thiocarbonyl  group  by  chl(»rine.  As 
is  known,  it  has  proved  impossible  to  obtain  these  compounds  by  other  procedures  [2], 

Compounds  having  the  fluorodichloromethyl  group  on  the  heteroatom  can  be  obtained  in  a  similar  manner 
by  the  chlorination  of  the  esters  and  thioesters  of  fluorothiocarbonic  acid. 

Tertiary  amines  containing  die  trichloromethyl  group  on  nitrogen  are  hydrolyzed  with  extreme  ease  to  the 
dialkylamides  of  chlorocarbonic  acid. 


RSH  RSC/^  ^  RSCCI3 

^C1 

pqpi  yS  PI 

RaNH  RzNCf  ^  RjNCCls  R=CH2C1— GHo^ 

^Gl 

EXPERIMENTAL 

fl  "Chloroethyl  ester  of  dithiofluorocarbonic  acid.  Into  a  glass  flask,  fitted  with  an  outlet  tube  and  connected 
to  a  wash  bottle  containing  sulfuric  acid,  was  charged  8  g  of  thiocarbonyl  chloride  fluoride  [3],  and  then  with  cooling 
in  liquid  air,  7  g  of  6  -chloroethyl  mercaptan  was  added.  Then  with  stining,  the  reaction  mixture  was  warmed  up 
slowly  to  0*,  kept  at  this  temperature  for  2—3  hr,  and  allowed  to  stand  overnight  at  room  temperature.  The  next 
day  the  reaction  mixture  was  distilled  under  reduced  pressure,  washed  with  water,  dried  over  sodium  sulfate,  and 
redistilled.  Yield  2.5  g  (20.2%),  The  compound  was  obtained  as  a  pale-yellow  liquid  with  a  mustard  odor.  It  is 
readily  soluble  in  the  common  organic  solvents. 

B.  p.  72*  (16  mm),  n”  1.5731,  df  1.473L 

Found  <1/0:  C  23.15;  H  2.71;  F  11.94;  Cl  22,8.  CjH^jFCl.  Calculated  C  22.71;  H  2.53;  F  11.98; 

Cl  22.40. 

Fluorodichloromethyl  3 -chloroethyl  sulfide.  Four  grams  of  the  0 -chloroethyl  ester  of  dithiofluorocarbonic 
acid  was  saturated  with  chlorine  at  about  40”.  When  the  weight  increase  due  to  chlorine  was  3.5  g,  the  reaction 
mixture  was  washed  with  water,  dried  over  sodium  sulfate,  and  distilled.  Yield  1.7  g  (34%). 

B.  p.  80”  (18  mm),  n“  1.5349,  dj*  1.5801. 

Found  0/0:  S  16.46;  F  9.18;  Cl  54.05.  CjH^FClj.  Calculated  S  16.20;  F  9.61;  Cl  53.80. 

Trichloromethyl  0  -chloroethyl  sulfide.  In  a  similar  manner  as  the  above,  from  8.75  g  of  the  0 -chloroethyl 
ester  of  dithiochlorocarbonic  acid, we  obtained  3.2  g  (15P^)  of  the  indicated  sulfide,  b.p.  97—105”  (18  mm),  n^  1.5490, 
di»  1.6590.  ^ 
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Trichloromethyldiethylamine.  A  solution  of  5  g  of  the  diethylamide  of  chlorothiocarbonic  acid  In  10  ml  of 
chloroform  was  saturated  with  chlorine,  maintaining  the  temperature  of  the  reaction  mixture  not  greater  than  35-40*, 
by  cooling.  Then,  when  the  evolution  of  heat  had  ceased,  the  sulfur  dichloride  and  chloroform  were  distilled  under 
reduced  pressure.  The  solid  residue  was  dissolved  in  chloroform,  and  again  the  solvent  and  liquid  reaction  products 
were  removed  by  distillation  under  reduced  pressure.  The  residue  in  the  flask  weighed  about  5  g  (76®^).  The 
compound  was  obtained  as  a  white  solid.  It  decomposes  when  heated,  and  reacts  very  vigorously  with  water. 

Found  N  7.21;  Cl  56.35.  CgHioNClj.  Calculated N  7.35;  Cl  55.80. 

Hydrolysis  with  the  calculated  amount  of  water  yields  the  diethylamide  of  chlorocarbonic  acid. 

Fluorodichloromethyl  phenyl  ether.  Here  2.5  g  of  the  phenyl  ester  of  fluorothiocarbonic  acid  [3]  was  saturated 
with  chlorine  at  40  —45*  until  the  weight  increase  due  to  chlorine  was  4.5  g.  Then  the  sulfur  chlorides  were  distilled 
off.  The  residue  distilled  at  84*  (24  mm).  Yield  5.2  g  (80%). 

B.p.  84*  (24  mm),  ng  1.4971,  df  1.3220. 

Found  %:  C  42.10;  H  2.70;  F  10.24;  Cl  36.40.  C^gOFClj.  Calculated  %:  C  42.05;  H  2.50;  F  9.74;  Cl  36.3. 

SUMMARY 

A  method  was  described  for  replacing  the  labile  hydrogen  atom  in  alcohols,  mercaptans  and  secondary  amines 
by  the  trihalomethyl  group. 
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SYNTHESIS  OF  COMPOUNDS  WITH  TRIP LUOROME TH YL  GROUP  ON  SULFUR 


N.  N.  Yarovenko  and  A.  S.  Vasil’eva 


Only  two  methods  for  the  preparation  of  trifluoromethylsulfenyl  chloride  are  known  at  the  present  time;  by 
the  chlorination  of  either  hexafluorodimethyl  disulfide  or  bis(trifluoromethylthio)mercury  [1].  The  fluorination  of 
trichloromethylsulfenyl  chloride  fails  to  yield  trifluoromethylsulfenyl  chloride.  We  established  that  difluorochloro- 
methylsulfenyl  chloride,  in  contrast  to  trichloromethylsulfenyl  chloride,  is  capable  of  reacting  with  antimony  tri- 
fluoride  in  the  presence  of  antimony  pentachloride  with  a  partial  retention  of  the  C— S  bond.  In  a  similar  manner, 
we  were  able  to  obtain  trifluoromethylsulfenyl  bromide  by  the  fluorination  of  difluorobromomethylsulfenyl  bromide, 
and  trifluoromethyl  0  -chloroethyl  sulfide  by  the  fluorination  of  difluorochloromethyl  0  -chloroethyl  sulfide. 

CFgXSX  ShF,-f  CF3SX  (X  =  Cl.  Br) 

CF2CISCII2CH2CI  CF3SCII2CH2CI 

To  make  these  reactions  go  it  is  necessary  to  use  a  large  excess  of  antimony  trichloride  and  a  comparatively 
small  amount  of  antimony  pentachloride,  and  especially  important  here  is  a  prior  thorou^  mixing  of  the  fluorinating 
agents  [2J.  We  obtained  the  previously  unknown  difluorochloromethyl  0 -chloroethyl  sulfide  by  the  addition  of  di- 
fluorochloromethylsulfenyl  chloride  to  ethylene. 

GF2GISC1 

^CH2CII2G1 

This  reaction  goes  very  easily  at  room  temperature  and  atmospheric  pressure.  As  is  known,  in  contrast  to 
difluorochloromethylsulfenyl  chloride,  trichloromethylsulfenyl  chloride  does  not  add  to  ethylene  [3]. 

EXPERIMENTAL 

Difluorochloromethyl  0 -chloroethyl  sulfide.  Into  a  long  test  tube,  from  which  all  of  the  air  had  previously 
been  displaced  by  ethylene,  was  charged  a  solution  of  10  g  of  difluorochloromethylsulfenyl  chloride  [4]  in  10  g  of 
chloroform.  The  test  tube  was  closed  with  a  stopper  that  was  fitted  with  both  an  inlet  and  an  outlet  tube.  Ethylene 
from  a  gasometer  was  slowly  passed  through  the  inlet  tube  into  the  solution  for  10  hr.  The  outlet  tube  was  fitted 
with  a  stopcock  and  was  connected  to  a  Tishchenko  flask  containing  sulfuric  acid.  Most  of  the  reaction  could  be 
run  with  the  stopcock  on  the  outlet  tube  closed.  Then  the  reaction  mixture  was  fractionated  through  a  column. 

Yield  7.5  g  {64°}o).  Colorless  liquid  with  a  disagreeable  sulfide  odor.  The  compound  is  insoluble  in  water,  and  is 
readily  soluble  in  ether,  chloroform  and  benzene. 

B.P.  74*  (76  mm),  ng  1.4474,  dj®  1.4491. 

Found  C  19.88;  H  2.56;  S  17.90;  F  21.94;  Cl  38.98.  C3H4SF2CI2.  Calculated  *70:  C  19.81;  H  2.20; 

S  17.70;  F  21.90;  Cl  39.21. 

Trifluoromethyl  0  -chloroethyl  sulfide.  To  a  well-mixed  mixture  of  22  g  of  antimony  trichloride  and  1  g  of 
antimony  pentachloride  in  a  glass  flask  was  rapidly  added  7. 5  g  of  difluorochloromethyl  0 -chloroethyl  sulfide,  with 
stirring.  Here  the  reaction  mixture  was  cooled  so  that  the  temperature  did  not  exceed  40".  When  the  evolution  of 
heat  had  ceased,  the  mixture  was  distilled  in  an  oil  bath  to  remove  the  liquid  reaction  products,  which  were  dried 
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over  sodium  sulfate,  and  then  redistilled  in  a  flask  fitted  with  a  short  column.  Yield  2.9  g  (42. 47©). 

B.p.  96*.  n“  1.3960,  df  1.4040. 

Found  *70:  C  2L84;  H  2.50;  S  19.68;  F  34.73;  Cl  21.70.  CjH^FjCl.  Calculated  <70:  C  21.88;  H  2.44; 

S  19.45;  F  34.60;  Cl  21.63. 

TTifluoromethylsulfenyl  chloride.  To  a  well  mixed  mixture  of  60  g  of  antimony  trichloride  and  2  g  of 
antimony  pentachloride  in  a  glass  flask  fitted  with  a  reflux  ccxidenser,  with  cooling  to  0*,  was  rapidly  added  7.7  g 
of  difluorochloromethylsulfenyl  chloride.  Then  the  flask  was  heated  for  1  hr  on  the  boiling-water  bath,  and  the 
evolved  gas  was  collected  in  a  trap,  cooled  in  liquid  air.  Hie  obtained  gases,  about  4. 1  g,  were  distilled  through 
a  column  for  low-boiling  compounds,  and  began  to  boil  at  a  temperature  below  -50*.  The  fraction  with  b.p.  above 
-10*  was  collected.  Analytically  pure,  trifluoromethylsulfenyl  chloride  has  a  boiling  point  of  approximately  0*. 

From  [11:  b.p.  0.7*.  Yield  1.2  g  (11. 4<7o). 

Found  C  8.25;  S  23.09;  F  41.52;  Cl  25.97.  CSF3CI.  Calculated ‘7©:  C  8.80;  S  23.44;  F  41.75;  Cl  26.01. 

Iodine  is  liberated  when  trifluoromethylsulfenyl  chloride  is  reacted  with  aqueous  potassium  iodide  solution. 
TrifluMomethyl-(N -diethyl )sulfenamide  is  formed  when  the  chloride  is  reacted  with  an  ether  solution  of  diethyl- 
amine. 

Trifluoromethylsulfenyl  bromide.  Six  gram:,  of  difluorobromomethylsulfenyl  bromide  [5]  was  added  at  room 
temperature  to  a  well -mixed  mixture  of  15  g  of  antimony  trifluoride  and  1.5  g  of  antimony  pentachloride.  Here 
a  small  amount  of  heat  was  evolved.  Then  the  reaction  mixture  was  heated  on  the  boiling-water  bath  to  distill 
off  the  trifluoromethylsulfenyl  bromide.  The  compound  was  obtained  as  a  cherry-red  liquid  with  an  odor  characteristic 
for  alkylsulfenyl  halides.  It  is  hydrolyzed  by  water.  Yield  2.48  g  (41  *7©). 

B.p.  36*,  ng  1.3855,  d^*  1.7704. 

Found®/©:  S  17.41;  F  31.07;  Br44.10.  CSFjBr.  Calculated-^:  S  17.67;  F  31.61;  Br  44.20. 

SUMMARY 

L  It  was  established  that  difluorochloromethylsulfenyl  chloride,  in  contrast  to  trichloromethylsulfenyl  chloride, 
is  capable  of  adding  to  ethylene  with  the  formation  of  difluorochloromethyl  B -chloroethyl  sulfide. 

2.  On  the  examples  of  reacting  difluorochlOTomethylsulfenyl  chloride,  difluorobromomethylsulfenyl  bromide 
and  difluorochloromethyl  0 -chloroethyl  sulfide  with  antimony  trifluoride  in  the  presence  of  catalysts  it  was  shown 
that  the  difluorohalomethyl  group  exerts  a  stabilizing  effect  on  the  C— S  linkage,  in  contrast  to  trichloromethyl¬ 
sulfenyl  chloride. 
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FLUOROALKYL  THIOCYANATES,  IS  O  T  HIOC  Y  A  N  A  TES  ,  A  ND  CARBYLAMINE  HALIDES 


N.  N.  Yarovenko,  S.  P.  Motornyi ,  and  L.  I.  Klrenskaya 


Only  2-fluoroethyl  thiocyanate,  obtained  by  the  reaction  of  l-fluoro-2-bromoethane  with  potassium  thiocyanate 
[1].  is  known  in  the  series  of  fluorine -containing  alkyl  thiocyanates.  We  established  that  l-fluoro-l-chloro-2- 
bromoethane,  l,l-difluoro-2-bromoethane  >and  certain  other  polyhalogenated  ethanes  react  with  potassium  thio¬ 
cyanate  in  a  similar  manner.  However,  trihalomethyl  thiocyanates  cannot  be  obtained  with  this  procedure.  Only 
as  recently  as  1950  was  it  shown  [2]  that  trichloromethyl  thiocyanate  can  be  obtained  in  good  yield  by  reacting 
trichloromethylsulfenyl  chloride  with  potassium  cyanide.  As  was  established  by  us,  the  reaction  of  potassium  cyanide 
with  fluorine  analogs  of  trichloromethylsulfenyl  chloride  and  with  other  fluorine -containing  alkylsulfenyl  halides 
proceeds  in  a  similar  manner. 

The  reaction  of  ether  solutions  of  fluorodichloro-  and  difluorochloromethylsulfenyl  chlorides,  and  also  of 
3-chlorotetrafluoroethylsulfenyl  chloride,  with  saturated  aqueous  potassium  cyanide  solution  gave  us  the  correspond¬ 
ing  thiocyanates. 

RSCL  +  KCN  -*  RSCN  +  KCl , 
where  R  =  CFCI2,  CF2CI,  CF2CICF2. 

Polyhaloalkyl  thiocyanates  cannot  be  isomerized  to  the  corresponding  isothiocyanates,but  some  of  the  latter 
can  be  obtained  in  conventional  manner  by  the  reaction  of  halogenated  primary  amines  with  thiocarbonyl  chloride 
(thiophosgene)  [  3]. 

The  reaction  of  isothiocyanates  with  chlorine  goes  in  two  stages.  The  first  stage  is  the  addition  of  two  chlorine 
atoms  to  the  double  bond,  and  it  goes  without  the  reaction  mixture  changing  color.  The  start  of  the  second  stage 
is  detected  by  an  appearance  of  the  color  characteristic  for  sulfur  dichloride. 


pi 

CIIF2CH2NH2  — ^  GIIF2GH2N=G=S  ^  GHF2GH2N=G 


/SGI  Cl, 


\gi 


GHF2GH2NGG12 


EXPERIMENTAL 

Fluorodichloromethyl  thiocyanate.  A  solution  of  16  g  of  fluorodichloromethylsulfenyl  chloride  [4]  in  30  ml 
of  ether  was  cooled  to  0",  and  then  with  ice-water  cooling  and  stirring,  a  solution  of  9.9  g  of  potassium  cyanide 
in  10  ml  of  water  was  added.  The  reaction  mixture  was  stirred  vigorously,  with  cooling  in  such  manner  that  the 
temperature  did  not  exceed  20*.  Then,  after  the  evolution  of  heat  had  ceased,  the  ether  solution  was  separated, 
and  the  precipitate  was  washed  several  times  with  ether.  The  filtrate  and  rinse  ether  were  combined,  and  after 
drying  over  sodium  sulfate,  the  ether  was  distilled  through  a  column,  followed  by  distillation  of  the  residue.  Yield 
9  g  (56<7o). 

B.p.  59*  (80  mm),  ng  1.4661,  df  1.5355. 

Found ‘7o;  C  15.28;  N8.77;  S  19.80;  F  11.97;  Cl  44.40.  CjNSFClj.  Calculated  <7o:  C  15.0;  N  8.75;  S  20.0; 
F  1L85;  Cl  44.4. 

The  compound  was  obtained  as  a  colcxless  liquid.  It  is  insoluble  in  water,  and  readily  soluble  in  ether, 
alcohol,  benzene,  and  in  other  organic  solvents. 
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Difluorochloromethyl  thiocyanate.  From  15,3  g  of  difluorochloromethylsulfenyl  chloride  [4]  in  30  ml  of 
ether  and  9.9  g  of  potassium  cyanide  in  10  ml  of  water  we  obtained  8.8  g  (58*7o)  of  the  product. 

B.p.  85*.  n“  1.4050,  df  1.4221. 

Found  <yo:  C  16.73;  N  9.63;  S  22.31;  F  26.38;  Cl  24.75.  CjNSFjCl.  Calculated  C  16.71;  N  9.74; 

S  22.35;  F  26.48;  Cl  24.72. 

The  compound  was  obtained  as  a  colorless  liquid.  It  is  insoluble  in  water,  and  readily  soluble  in  the  common 
organic  solvents. 

Tetrafluoro-2-chloroethyl  thiocyanate.  From  16  g  of  tetrafluoro-2-chloroethylsulfenyl  chloride  in  60  ml  of 
ether  and  6  g  of  potassium  cyanide  in  4  ml  of  water  we  obtained  11.5  g  (745*70)  of  the  product. 

B.p.  98",  ni*  1.3792,  dj®  1.4769. 

Found  *70:  C  18.75;  S  16.62;  Cl  18.47.  CjNSF/:!.  Calculated®^:  C  18.60;  S  16.53;  Cl  18.34. 

2,2~Difluoroethyl  thiocyanate.  A  mixture  of  7.3  g  of  2,2-difluoro-l-bromoethane,  4.8  g  of  potassium  thio¬ 
cyanate  and  15  ml  of  alcohol  was  heated  in  a  sealed  ampule  fori  hr  at  160*.  Then  the  ampule  was  opened,  the 
liquid  was  filtered,  die  alcohol  was  distilled  off,  and  the  residue  was  distilled.  Yield  2.2  g  (30*70). 

B.p.  96"  (60  mm),  n“  1.4442,  df  1.3434 

Found  *7o:  C  29.35;  H  2.64;  N  11.38;  S  25.62;  F  30;41.  CjHjNSFj.  Calculated  *7o;  C  29.26;  H  2.44; 

N  11.39;  S  26.02;  F  30.89. 

2“Fluoro-2-chloroethyl  thiocyanate.  From  8  g  of  l,l-fluorochloro-2-bromoethane,  4.8  g  of  potassium  thio¬ 
cyanate, and  15  ml  of  alcohol  we  obtained  2.5  g  (30*7o)  of  the  product. 

B.p.  97’  (25  mm),  ng  1.4875,  d|^  1.3982. 

Found  *7o;  C  26.18;  H  1.98;  N  10.06;  S  23.08;  F  ia96;  Cl  25.5a  CsHjNSFCl.  Calculated  *7o;  C  25.81; 

H  2.15;  N  10.03;  S  22.94;  F  14.33;  Cl  25.44. 

2.2- Difluoroethyl  isothiocyanate.  Into  a  three-necked  flask,  fitted  with  a  mercury-seal  stirrer  and  condenser, 
were  charged  a  solution  of  11.7  g  of  2,2-difluoroethylamine  hydrochloride  in  10  ml  of  water  and  40  ml  of  chloroform. 
Then  a  solution  of  26  g  of  sodium  carbonate  in  120  ml  of  water  and  a  solution  of  11.5  g  of  thiophosgene  in  10  ml 

of  chloroform  were  added  simultaneously  in  such  manner  that  the  reaction  medium  was  always  alkaline.  When  all 
of  the  reactants  had  been  added,  the  reaction  mass  was  stirred  for  an  additional  30  min.  A  precipitate  of  sodium 
chloride  gradually  deposited  during  reaction,  and  the  color  of  the  solution  changed  from  red  to  a  light  yellow. 

Then  the  precipitate  was  filtered  and  washed  with  chloroform.  The  chloroform  solutions  were  combined,  dried  over 
sodium  sulfate,  and  the  whole  then  fractionally  distilled  through  a  column.  Yield  6. 6  g  (52*7o). 

B.p.  76"  (100  mm),  ng  1.4725.  df  1.3274 

Found  *7o:  C  28.91;  H  2.69;  N  11.44;  S  25.80;  F  30.82.  CjHjNSFj.  Calculated  *70;  C  29.26;  H  2.44; 

N  11.38;  S  26.01;  F  30.82. 

2.2- Difluoroethylcarbylamine  chloride.  Four  grams  of  2,2-difluoroethyl  isothiocyanate  was  slowly  saturated 
with  chlorine,  with  cooling  in  such  manner  that  the  temperature  in  the  reactor  did  not  exceed  20",  until  the  weight 
increase  due  to  chlorine  was  4.6  g.  Then  the  sulfur  chlcxrides  were  distilled  ataigauge  pressure  of  100  mm,  followed 
by  fractional  distillation  of  the  residue. 

B.p.  63"  (100  mm),  ng  L4235,  df  1.4726. 

Found  <70:  C  2L53;  N  8.73;  F  23.55  Cl  43.47.  C3H3NF1CI2 .Calculated  ^o:  C  22.22;  N  8.63;  F  23.45; 

Cl  43.82. 

The  compound  was  obtained  as  a  colorless  liquid  with  an  irritating  odor.  It  is  easily  hydrolyzed  by  water, 
and  is  readily  soluble  in  ether  and  chloroform. 

SUMMARY 

1.  It  was  shown  that  fluoroalkyl  diiocyanates  are  obtained  by  the  reaction  of  fluorinated  alkylsulfenyl  halides 
with  potassium  cyanide. 
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2.  The  synthesis  of  some  new  compounds  in  the  series  of  fluorinated  alkylthiocyanates,  isothiocyanates,  and 
carbylamine  halides  was  described.  These  compounds  are  fluorodichloromethyl,  difluorochloromcthyl,  tetrafluoro- 
2-chloroethyl,  2,2"difluoroethyl  and  2-fluoro-2-chloroethyl  thiocyanates,  2,2-difluoroethyi  isothiocyanate,  and 
2,2-difluoroethylcarbylamine  chloride. 
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SYNTHESIS  OF  DIFLUORO-  AND  F  LU  OROC  HLORO  T  HIOC  A  RB  ON  YLS 


AND  THEIR  PROPERTIES 

N.  N.  Yarovenko  and  A.  S.  Vasil'eva 


It  has  been  shown  previously  [  1]  that  2-chlorotetrafluoroethylsulfur  chloride  reacts  easily  with  metallic  tin, 
under  the  conditions  usual  for  the  preparation  of  thiocarbonyl  chloride  from  trichloromethylsulfur  chloride,  with 
the  formation  of  difluorochlorothioacetyl  fluoride. 

CF2CICF2SCI  -51  CF2CIC 


In  the  present  cominunication.we  present  similar  reactions  of  fluorine  analogs  of  trichloromethylsulfur  chloride 
with  metallic  tin  and  describe  the  chemical  properties  of  difluorothiocarbonyl  and  fluorochlorothiocarbonyl. 

As  is  well  known,  difluorothiocarbonyl  cannot  be  prepared  by  the  fluorination  of  thiocarbonyl  chloride.  When 
thiocarbonyl  chloride  is  reacted  with  hydrogen  fluoride  or  with  the  fluorides  of  antimony,  zinc,  lead,  or  silver  (in 
some  cases  in  the  presence  of  catalysts),  fluorochloromethanes  are  formed.  Thus,  for  example,  when  vapors  of 
thiocarbonyl  chloride  are  passed  over  lead  fluoride  at  170—250”,  difluorodichloromethane  is  produced  [2]. 


CSClo 


|P^F,') 


CF2CI2 


When  carbon  bisulfide  is  reacted  with  hydrogen  fluoride  and  chlorine  or  with  antimcKiy  fluorides  in  the 
presence  of  catalysts,  and  also  with  the  fluorides  of  some  other  elements,  all  the  C— S  bonds  are  ruptured  and  fluoro¬ 
chloromethanes  are  formed  [2,  3]. 

CS2  CFCI3  -I-  CF2CI2  -f-  GF3CI 


Difluorothiocarbonyl  was  mentioned  for  the  first  time  by  Ruff(cf.  [4]),  who  assumed  that  he  had  obtained  this 
compound  by  the  reaction  of  carbon  bisulfide  with  iodine  pentafluoride.  However,  Hazeldine  [4]  showed  that  the 
product  that  Ruff  took  for  difluorothiocarbonyl  was  actually  thionyl  fluoride.  The  formation  of  difluorothiocarbonyl 
was  further  observed  when  trifluoroiodomethane  was  reacted  with  elementary  sulfur  [5,  6]  and  when  carbon  bisulfide 
was  fluorinated  with  elemental  fluorine  [7].  However,  in  no  case  was  difluorothiocarbonyl  obtained  in  the  pure 
form.  No  one  had  attempted  to  prepare  difluorothiocarbonyl  starting  with  difluorochloromethylsulfur  chloride,  i.e. , 
with  a  compound  already  simultaneously  containing  atoms  of  fluorine,  sulfur,  and  carbon.  As  we  have  established, 
difluorochloromethylsulfur  chloride  and  fluomdichloromethylsulfur  chloride  react  with  tin  under  considerably  milder 
conditions  than  trichloromethylsulfur  chloride.  While  the  reaction  of  trichloromethylsulfur  chloride  with  tin  starts 
when  the  reaction  mixture  is  heated  almost  to  boiling,  the  reaction  of  difluorochloromethylsulfur  chloride  with  the 
same  metal  starts  at  room  temperature.  The  reaction  of  fluorodichloromethylsulfur  chloride  with  tin  starts  with 
slight  heating. 

Sn 

CFCI2SCI  V.=s 

Cl^ 

CF2CISCI  >c=s 

F/ 
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The  structure  of  the  fluorine  analogs  of  thiocarbonyl  chloride  was  confirmed  by  a  series  of  reactions.  Difluoro- 
thiocarbonyl,  and  also  fluorochlorothiocarbonyl, readily  add  bromine  to  form  difluorobromomethylsulfur  bromide 
and  fluorochlorobromomethylsulfur  bromide,  respectively. 

F\  T>- 
>C=S  ^  CFClBrSBr 
CK 

nr 

>C=S  ^  CFzBrSBr 
F/ 


When  the  fluorine  analogs  of  thiocarbonyl  chloride  react  with  alcohols,  thioalcohols,  and  amines,  the  esters, 
thioesters,  and  amides  of  fluorothiocarbonic  acid  are  formed,  respectively. 


Hal 


^C=S 


R’SH 

JtoNH 


RO— C^F 
/S 

R'S— G^F 


EXPERIMENTAL 

Fluorochlorothiocarbonyl.  In  a  round -bottomed  flask  fitted  with  a  dropping  funnel  and  reflux  condenser  were 
placed  13.5  g  of  granulated  tin  and  30  ml  of  28%  hydrochloric  acid.  The  mixture  was  heated  to  slight  boiling,  after 
which  the  addition  of  16.9  g  of  fluorodichloromethylsulfur  chloride  [8]  was  started  from  the  separatory  funnel,  the 
end  of  which  reached  to  the  bottom  of  the  reaction  flask.  The  reduction  should  not  be  carried  out  too  vigorously. 

The  gases  evolved  passed  through  the  reflux  condenser  and  were  condensed  in  a  trap  cooled  with  a  mixture  of  acetone 
and  solid  carbon  dioxide.  Then  the  mixture  of  products  obtained,  consisting  of  hydrogen  chloride,  fluorochlorothio¬ 
carbonyl,  and  fluorodichloromethylsulfur  chloride,  was  distilled  on  a  column  for  low -boiling  materials.  The  yield 
of  fluorochlorothiocarbonyl  was  8.5  g  (87%).  B.p.  9*. 

Found  %;  C  1L89;  S  31.84;  F  19.36;  Cl  36.04.  CSFCl.  Calculated  %:  C  12.18;  8  32,49;  F  19.29;  Cl  36.04. 

The  fluorochlorothiocarbonyl  was  a  gas  with  a  very  beautiful  yellow  color.  On  cooling,  it  condensed  to  a 
liquid,  also  of  a  yellow  color.  The  fluorochlorothiocarbonyl  dissolved  well  in  ether,  chloroform,  and  benzene. 

It  reacted  vigorously  with  alcohols,  thioalcohols,  and  amines.  It  freed  iodine  from  potassium  iodide.  It  was  hy¬ 
drolyzed  by  water  slowly  at  0”,  but  at  room  temperature  the  hydrolysis  proceeded  considerably  more  rapidly. 

Difluorothiocarbonyl.  In  a  round -bottomed  flask  fitted  with  a  reflux  condenser  and  dropping  funnel  were 
placed  5  g  of  granulated  tin  and  10  ml  of  28%  hydrochloric  acid,  and  6  g  of  difluorochloromethylsulfur  chloride 
was  added  slowly  [8],  The  reaction  proceeded  with  die  evolution  of  heat.  The  gases  evolved  were  collected  in  a 
trap  cooled  with  liquid  air.  The  reduction  of  difluorochloromethylsulfur  chloride  should  not  be  carried  out  too 
vigorously.  The  difluorothiocarbonyl  thus  obtained  contained  up  to  6%  of  hydrogen  chloride  and  some  carbon  bi¬ 
sulfide  as  a  contaminant,  of  which  it  was  freed  by  redistillation  of  the  gases  on  a  column  for  low-boiling  materials. 
The  yield  of  difluorothiocarbonyl  was  1.52  g  (47.5%).  B.p.  from  -57  to  -54". 

Found  %;  C  14.52;  8  39.82;  F  45.82,  C5F2.  Calculated  %;  C  14.64;  8  39.02;  F  46.34. 

The  difluorothiocarbonyl  was  a  colorless  gas.  It  dissolved  well  in  ether,  chloroform,  and  benzene.  It  reacted 
vigorously  with  alcohols,  thioalcohols,  and  amines.  It  was  readily  hydrolyzed  by  water. 

Difluorobromomethylsulfur  bromide.  To  1  g  of  difluorothiocarbonyl,  cooled  in  an  ampule  with  liquid  air, 
was  added  2  g  of  bromine.  Then  the  ampule  was  sealed  and  slowly  warmed  to  room  temperature,  when  the  reaction 
mixture  became  considerably  lighter  and  took  on  a  cherry  red  color.  The  reaction  proceeded  with  considerable 
evolution  of  heat.  The  contents  of  the  ampule  were  shaken  and  allowed  to  stand  at  room  temperature  for  20—30 
minutes.  Then  the  ampule  was  opened  and  the  difluorobromomethylsulfur  bromide  was  distilled.  The  yield 
of  difluorobromomethylsulfur  bromide  was  1. 6  g  (55.5%). 


> 
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B.p.  107”,  ng  1.5210,  df  2.3550. 

Found  <7o:  C  4.99;  S  13.24;  F  15.88;  Br  65.41.  CSFjBfj.  Calculated  C  4.97;  S  13.22;  F  15.70;  Br  66.11. 

The  difluorobromomethylsulfur  bromide  was  a  liquid  with  a  cherry  red  color.  The  odor  was  characteristic  of 
alkylsulfur  halides.  It  was  readily  hydrolyzed  by  water. 

Fluorochlorobromomethylsulfur  bromide.  The  reaction  of  fluorochlorothiocarbonyl  with  bromine  was  carried 
out  under  the  same  conditions  as  for  the  reaction  of  difluorothiocarbonyl  with  bromine.  From  7  g  of  fluorochloro¬ 
thiocarbonyl  and  11.3  g  of  bromine  there  was  obtained  14.8  g  of  fluorochlorobromomethylsulfur  bromide  (81^70 ). 

B.p.  134”  (decomp.),  ng  1.5616,  df  2.3676. 

Found C  5.04;  S  12.86;  F  7.21;  Cl  +  Br  75.97.  CSFClBrj.  Calculated  C4.65;  S  12.39;  F  7.36; 

Cl  +  Br  75. 60. 

The  fluorochlorobromomethylsulfur  bromide  was  a  liquid  with  a  cherry  red  color.  The  odor  was  characteristic 
of  alkylsulfur  halides.  It  was  readily  hydrolyzed  by  water. 

Reaction  of  fluorochlorothiocarbonyl  with  alcohols,  a)  With  methyl  alcohol.  In  a  glass  test  tube  fitted  with 
a  dropping  funnel  and  a  delivery  tube  connected  to  a  wash  bottle  with  sulfuric  acid  was  placed  5.5  g  of  fluoro¬ 
chlorothiocarbonyl  and,  while  the  mixture  was  cooled  with  liquid  air,  1.5  g  of  methyl  alcohol  was  added  dropwise. 
Then  the  reaction  mixture  was  slowly  warmed, while  being  shaken,  to  0”',  kept  at  this  temperature  for  several  hours 
until  the  evolution  of  hydrogen  chloride  had  almost  ceased,  and  then  left  overnight  at  room  temperature.  The  next 
day  die  mixture  was  dried  with  sodium  sulfate  and  the  methyl  ester  of  fluorothiocarbonic  acid  was  distilied  off  on 
a  column.  The  yield  was  1.7  g  (38.3*70). 

B.p.  66”  (755  mm),  ng  L4170.  df  1.1900. 

Found  *70;  C  25.50;  H  3.92;  S  34.08;  F  20.16.  CgHjOSF.  Calculated  *7o:  C  25.53;  H  3.20;  S  34.04;  F  20.21. 

b)  With  ethyl  alcohol.  The  reaction  of  fluorochlorothiocarbonyl  with  ethyl  alcohol  was  carried  out  under  the 
same  conditions  as  for  its  reaction  with  methyl  alcohol.  From  8  g  of  fluorochlorothiocarbonyl  and  3  g  of  ethyl  alcohol 
there  was  obtained  3  g  (43*7o)  of  the  ethyl  ester  of  fluorothiocarbonic  acid. 

B.p.  84”  (755  mm),  ng  1.4200,  df  1.1020. 

Found  *70:  C  32.72;  H  4.50;  S  30.20;  F  17.40.  C3H5OSF.  Calculated  <70;  C  33.33;  H  4.63;  S  29.63;  F  17.59. 

c)  With  Isopropyl  alcohol.  The  reaction  of  fluorochlorothiocarbonyl  with  isopropyl  alcohol  was  carried  out 
under  the  same  conditions  as  for  its  reaction  with  methyl  alcohol.  From  7  g  of  fluorochlorothiocarbonyl  and  3  g 
of  isopropyl  alcohol  there  was  obtained  2.9  g  (47.4*70)  of  the  isopropyl  ester  of  fluorothioacetic  acid. 

B.p.  78”  (750  mm),  ng  1.4110,  df  0.9990. 

Found  *7o:  C  39.10;  H  6.04;  S  26.36;  F  15.34.  C4H/DSF.  Calculated  *7o:  C  39.34;  H  5.74;  S  26.23;  F  15.57. 

Reaction  of  fluorochlorothiocarbonyl  with  phenol.  A  solution  of  13.5  g  of  phenol  and  5.7  g  of  sodium  hydroxide 
in  120  ml  of  water  cooled  to  -5”  was  added  dropwise,  with  energetic  stirring,  to  a  solution  of  14  g  of  fluorochloro¬ 
thiocarbonyl  in  50  ml  of  chloroform  cooled  to  -5”.  The  reaction  was  carried  out  with  cooling  so  that  the  tempera¬ 
ture  of  the  reaction  mixture  did  not  rise  above  0”.  Then  the  lower  layer  was  separated  off,  dried  with  calcium 
ciiloride,  the  chloroform  was  distilled  off,  and  the  phenyl  ester  of  fluorothiocarbonic  acid  was  distilled.  The  yield 
was  8  g  (36*7o). 

B.p.  87’  (40  mm),  ng  1.5260,  df  1.2048. 

Found  *70:  C  53.83; -H  3.74;  S  19.77;  F  12.58.  C7H5OSF.  Calculated  7o:  C  53.84;  H  3.20;  S  20.51;  F  12.17. 

Reaction  of  fluorochlorothiocarbonyl  with  mercaptans.  a)  With  methyl  mercaptan.  In  a  glass  flask  fitted  with 
a  delivery  tube  connected  to  a  wash  bottle  with  sulfuric  acid  was  placed  9  g  of  fluorochlorothiocarbonyl,  and  4.5  g 
s  of  methyl  mercaptan  was  added  while  the  mixture  was  cooled  with  liquid  air.  Then,  while  the  reaction  mixture 

was  stirred,  it  was  slowly  warmed  to  0”,  kept  at  that  temperature  for  2—3  hours,  and  left  overnight  at  room  tempera¬ 
ture.  The  next  day  the  reaction  mixture  was  distilled  at  reduced  pressure,  washed  with  water,  dried  with  sodium 
sulfate,  and  the  methyl  ester  of  dithiofluorocarbonic  acid  was  distilled. 

B.p.  78”  (240  mm),  ng  1.5345,  df  1.200. 

Found  *70:  C  22.08;  H  3.04;  S  58.84;  F  16.79.  CjHgSzF.  Calculated '7o:  C  21.82;  H  2.73;  S  58. 18;  F  17.27. 
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b)  With  ethyl  mercaptan.  The  reaction  of  fluorochlorothiocarbonyl  with  ethyl  mercaptan  was  carried  out 
under  the  same  conditions  as  for  its  reaction  with  methyl  mercaptan.  From  8  g  of  fluorochlorothiocarbonyl  and 
5  g  of  ethyl  mercaptan  there  was  obtained  9  g  (89, 5*^0)  of  the  ethyl  ester  of  dithiofluorocarbonic  acid. 


B.p.  73*  (93  mm).  n“  1.5041, 
Found C  29.31;  H4,18;  S 


df  1. 1736. 
52.36;  F  15.83. 


C3H5S2F.  Calculated  «fo: 


C  29.03;  H  4.04;  S  51.51;  F  15.32. 


Reaction  of  fluorochlorothiocarbonyl  with  diethylamine.  To  a  solution  of  7. 5  g  of  fluorochlorothiocarbonyl 
in  10  ml  of  ether,  cooled  with  liquid  air,  was  added  8.5  g  of  diethylamine  in  10  ml  of  ether,  and  while  the  mixture 
was  stirred,  it  was  slowly  warmed  to  room  temperature.  After  the  reaction  had  ended,  the  ether  solution  was  separated 
from  the  diethylamine  hydrochloride,  the  ether  was  distilled  off,  and  the  diethylamide  of  fluorothiocarbonic  acid 
was  distilled.  The  yield  was  3.5  g  (45%). 


B.p.  100*  (21  mm),  ng  1.4790,  dj®  1.0580. 

Found  %:  C  44.28;  H  7.40;  N  10.49;  S  23.65;  F  13.83.  CgHijNSF.  Calculated  %:  C  44.44;  H  7.42; 
N  10.37;  S  23.70;  F  14.07. 


SUMMARY 

L  A  method  has  been  described  for  the  preparation  of  difluorothiocarbonyl  and  fluorochlorothiocarbonyl  by 
the  reduction  of  difluorochloromethylsulfur  chloride  and  fluorodichloromethylsulfur  chloride,  respectively. 

2.  The  products  of  the  reaction  of  the  fluorine  analogs  of  thiocarbonyl  chloride  with  bromine,  alcohols, 
thioalcohols,  and  amines  have  been  described. 
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INVESTIGATION  IN  THE  FIELD  OF  A  LK  A  NE  S  U  L  F  ONI  C  ACIDS 
XXI.  SYNTHESIS  AND  CHLORINATION  OF  ALKANESULFONITROANILIDES 

A.  G.  Kostsova 
Voronezh  State  University 


We  have  described  the  synthesis  and  properties  of  p-nitroanilides  of  some  alkanesulfonic  acids,  but  the  yields 
of  diese  compounds  did  not  exceed  ll^o  [  1].  Therefore  we  attempted  to  find  the  optimum  conditions  for  their 
synthesis.  It  was  found  that  the  reaction  conditions  previously  used  by  us  were  too  mild.  The  best  results  were 
obtained  if  the  reacticxi  was  canied  out  in  pyridine  with  prolonged  heating  (10—11  hours)  of  the  alkanesulfonyl 
chloride  and  p-nitroaniline  at  140—160*;  under  these  conditions  the  yields  of  the  p-nitro  anilides  reached  60— 68‘7o. 
The  synthesis  of  the  o-  and  m-nitroanilides  was  carried  out  for  the  first  time  in  our  work. 

It  has  been  shown  that  nitroanilines  react  with  alkanesulfonyl  chlorides  with  incomparably  more  difficulty 
than  unsubstituted  aniline,  toluidine,  anisidine.and  the  like  [2];  however,  of  the  three  isomers,  m-nitroahiline 
reacts  the  most  easily,  p-nitroaniline  with  more  difficulty,  and  o-nitroaniline  practically  does  not  react.  These 
observations  are  in  full  agreement  with  the  facts,  since  the  electron  acceptor  effect  of  the  nitro  group  is  more 
efficiently  transmitted  by  the  benzene  ring  from  the  ortho-  and  para-  positions  than  from  the  meta-  position,  which 
is  explained  as  a  special  case  of  the  reciprocal  effect  of  atoms—  a  conjugation  effect  [3]. 

The  chlorination  of  the  nitroanilides  has  been  studied  for  the  p-  and  m-  nitroanilides  of  ethane-  and  butane - 
sulfonic  acids.  The  experiments  showed  that  the  conditions  used  by  us  for  the  chlorination  of  the  anilides  [4], 
toluidides  [5],  anisidides  [6],  and  the  like  were  not  appropriate  in  this  case.  However,  if  the  chlorination  (for  ex¬ 
ample,  of  the  p-nitroanilides)  was  carried  out  in  the  presence  of  A1C1|  with  the  reaction  mixture  boiling,  then  the 
monochloro-p-nitroanilide  was  formed  in  which  the  chlorine  occupied  the  ortho-position  in  relation  to  the  alkyl- 
sulfonamide  group  and  the  meta-position  to  the  nitro  group.  In  this  case  there  was  a  concordance  of  orientation, 
as  a  result  of  which  only  the  one  isomer  of  the  monochloro  derivative  was  formed.  The  position  of  the  chlorine  in 
the  ring  was  demonstrated  by  hydrolysis  of  the  monochloro -p-nitroanilides  to  2-chloro-4-nitroaniline,  the  properties 
and  constants  of  which  were  known  in  the  literature  [7].  The  chlorination  and  subsequent  hydrolysis  can  be  represented 
by  the  following  diagram. 

Cl 

RSO2NH— ^  ^  RSO2NH— <f  V-NO2  — 

Cl 

— ►  RS020H  +  NH2— ^  N02 

The  chlorination  of  die  m -nitroanilides  took  place  more  easily  than  that  of  the  p-nitroanilides,  and  butane- 
sulfo-m-nitroanilide  was  chlorinated  in  dichloroethane  and  dioxane  in  the  absence  of  a  catalyst.  Ethanesulfo-m- 
nitroanilide  was  chlorinated  only  in  the  presence  of  AICI3  but  more  rapidly  and  with  less  catalyst  than  the  p-nitro- 
anilide,  with  a  yield  of  up  to  80%.  The  products  formed  in  the  chlorination  of  the  m -nitroanilides  had  broad  melt¬ 
ing  and  boiling  points,  but  analysis  for  nitrogen,  chlcwine,  and  sulfur  indicated  the  monochloro  derivative.  From 
this  it  should  be  concluded  that  in  this  case  not  individual  compounds,  but  a  mixture  of  isomeric  monochloro-m- 
nitroanilides  was  formed,  since  the  meta -position  of  the  nitro  group  in  relation  to  the  alkylsulfonamide  group  leads 
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to  a  discordance  in  the  orientation  of  the  chlorine,  which  is  the  cause  of  the  formation  of  the  isomers.  We  did 
not  succeed  in  separating  this  mixture.  Some  data  on  the  compounds  obtained  are  gi  /en  in  the  table. 


Expt. 

No. 

Empirical 

Formula 

% 

N 

%  Cl 

% 

S 

Name  and  Formula 

found 

calcu¬ 

lated 

found 

calcu¬ 

lated 

found 

calcu¬ 

lated 

1 

Ethanesulfo-m- nitroanllide 

C8H10O4N2S 

11.95 

12.17 

14.02 

13.91 

2 

B  utanesulfo  -m  -nitroanllide 

CioHiP^NjS 

10.81 

10.85 

- 

- 

12.45 

12.40 

3 

Ethanesulfo  -2  -chloro  -4-nitr  0  - 

anilide 

C3HP4N2SCI 

10.54 

10.58 

13.12 

13.42 

11.92 

12.09 

4 

Butanesulfo-2-chloro-4-nitro- 

anilide 

C10H13O4N2SCI 

9.62 

9. 60 

1L95 

12.13 

10.97 

10.94 

5 

Ethanesulfo-monochloro-m- 
nitroanilide  (mixture  of 
isomers) 

CgH904N2SCl 

10.44 

10.58 

12.98 

13.42 

11.98 

12.09 

6 

Butanesulfo  -monochloro  -m  - 
nitroanllide  (mixtures  of 
isomers) 

C10H13O4N2SCI 

1 

9.51 

9.60 

11. 72 

12. 13 

10.82 

10.94 

EXPERIMENTAL 

Preparation  of  nitroanilides.  In  a  round -bottomed  flask  fitted  with  a  two-branched  adapter,  in  the  straight 
branch  of  which  a  thermometer  was  placed,  and  the  side  branch  of  which  was  connected  to  a  condenser,  was  mixed 
10.8  g  of  ethanesulfonyl  chloride,  13.8  g  of  p-nitroaniline,  and  50  ml  of  pyridine.  The  mixture  was  heated  at  first 
on  a  water  bath  for  2  hours,  and  then  on  a  paraffin  bath  for  11  hours  at  150—160°.  At  the  end  of  the  reaction,  the 
mixture  was  left  until  the  following  day.  Further  treatment  and  isolation  of  the  reaction  product  were  carried  out 
by  the  method  previously  described  by  us  [1].  The  yield  of  ethanesulfo-p-nitroanilide  was  12.2  g  (65. 6*^0).  To 
prepare  butanesulfo-p-nitroanilide,  12  g  of  butanesulfonyl  chloride,  11.5  g  of  p-nitroaniline,  and  40  ml  of  pyridine 
were  used.  The  yield  of  the  product  was  13.5  g  (68.5%). 

The  m-nitroanilides  were  prepared  by  heating  on  the  water  bath  for  2  hours  and  then  on  a  paraffin  bath  at 
100—120*  for  3  hours.  From  22.5  g  of  ethanesulfonyl  chloride,  29  g  of  m-nitroaniline,  and  40  ml  of  pyridine  there 
was  obtained  27.4  g  (68.2%)  of  ethanesulfo-m-nitroanilide.  M.p.  139—141°  (from  aqueous  alcohol).  To  prepare 
butanesulfo-m-nitroanilide,  19  g  of  butanesulfonyl  chloride,  17  g  of  m-nitroaniline,  and  40  ml  of  pyridine  were 
used.  The  product  was  isolated  as  a  thick  brown  oil,  which  crystallized  only  after  standing  for  many  days.  M.p. 
64—66*  (from  aqueous  alcohol).  The  yield  was  22  g  (70.5%). 

Chlorination  of  nitroanilides.  a)  Two  g  of  ethaaesulfo-p-nitroanilide  in  55  ml  of  dichloroethane  and  1.8  g 
of  AICI3  (1:1.5)  were  mixed  in  a  round -bottomed  flask  fitted  with  a  two-branched  adapter,  one  branch  of  which 
was  connected  to  a  condenser  and  the  other  to  a  gas  outlet  tube  that  was  connected  to  a  drying  bottle  filled  with 
sulfuric  acid,  and  the  latter  connected  to  a  rheometer  that  regulated  the  rate  of  passage  of  chlorine  from  a  gas 
cylinder.  The  reaction  mixture  was  heated  to  boiling  and  the  chlorine  was  passed  through  at  the  rate  of  3. 3  ml/sec 
for  2  hours.  The  next  day,  the  contents  of  the  flask  were  treated  with  ice  water  acidified  with  hydrochloric  acid. 

The  stratified  liquid  was  separated;  the  dichloroethane  layer  was  washed  with  water,  separated,  and  transferred  to 
a  pcxcelain  dish  for  evaporation.  A  dark  crystalline  m.ass  remained  as  a  residue.  The  crystals  were  washed  twice 
with  small  portions  of  cold  alcohol  to  remove  traces  of  unreacted  nitroanllide,  and  then  the  washed  chlorination 
product  was  recrystallized  from  hot  alcohol.  When  the  solution  was  cooled,  slightly  yellowish,  fibrous  crystals  of 
the  monochloro-p -nitroanllide  of  ethanesulfonic  acid  separated  out.  The  yield  of  the  product  was  1.8  g  (78.3%). 
M.p.  115—116°  (from  hot  alcohol). 

b)  For  the  chlorination  of  butanesulfo-p -nitroanllide,  2  g  of  p-nitroanllide  in  15  ml  of  dichloroethane  and 
1.15  g  of  AlQs  (1: 1)  were  used  and  chlorine  was  passed  through  for  2  hours  at  the  rate  of  3.3  ml/ sec,  while  the 
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reaction  mixture  was  heated  on  a  water  bath.  The  yield  was  1.5  g  (68*70).  M.p.  80—82*  (from  hot  alcohol). 

c)  Two  g  of  ethanesulfo-m-nitroanlllde  in  40  ml  of  dlchloroethane  and  1.15  g  of  AlQj  (1:1)  were  chlorinated 
at  boiling  for  1  hour.  Further  treatment  and  Isolation  of  the  product  were  carried  out  in  a  similar  manner  to  the 
preceding.  The  yield  of  product  was  1.8  g  (78.2*7*).  M.p.  63—70*  (from  aqueous  alcohol). 

d)  Two  g  of  butanesulfo-m-nitroanlllde  in  15  ml  of  dlchloroethane  and  1.15  g  of  AlQs  (1:1)  were  used. 

The  reaction  conditions  were  similar  to  the  preceding  experiment.  The  chlorination  product  that  was  isolated 
was  a  heavy  reddish  oil,  which  was  dissolved  in  ether,  the  ether  solution  was  dried  with  potassium  carbonate,  then 
the  ether  was  distilled  off,  and  the  oil  was  distilled  in  vacuo  at  140—190*  (5  mm).  In  this  case  also^an  individual 
product  was  not  formed. 

All  the  nitroanilides  were  chlorinated  also  under  other  conditions:  without  a  catalyst,  in  the  presence  of  ZnO, 
in  dloxane  wldiout  and  with  a  catalyst,  with  and  without  heating.  Under  the  indicated  conditions  only  butanesulfo- 
m-nitroanilide  was  chlorinated  to  form  the  oily  chlorination  product  mentioned  above;  the  other  nitroanilides 
remained  unchanged. 

Hydrolysis  of  monochloro-p -nitroanilides  of  ethane-  and  butanesulfonic  acids.  The  hydrolysis  was  carried 
out  by  the  method  previously  described  by  us  [4].  0.3  g  of  butanesulfo-p -nitroanilides  was  used.  The  reaction 
went  very  slowly  and  was  over  in  34—36  hours.  In  the  hydrolysis,  partial  resinification  was  observed,  therefore 
after  dilution  with  water,  the  reaction  mixture  was  filtered  off  from  the  tarry  contaminants.  The  clear,  light-yellow 
filtrate  was  made  alkaline.  The  yellow  flocculent  precipitate  that  separated  out  was  extracted  with  ether,  the 
ether  extract  was  dried  with  potassium  carbonate,  and  the  ether  was  partially  distilled  off.  The  remainder  was 
poured  into  a  dish.  The  bright  yellow  2-chloro-4-nitroaniline  was  isolated  by  evaporating  the  ether.  The  yield 
was  0.10  g  (58.82*7o).  M.p.  103—105*  (from  aqueous  alcohol);  according  to  the  data  in  [7],  m.p.  105*.  Analysis 
for  nitrogen  also  agreed  with  this  compound.  Hydrolysis  of  ethanesulfo-2-chloro-p-nitroanilide  also  gave  the  same 
compound. 


SUMMARY 

The  method  for  the  preparation  of  alkanesulfonitroanilides  has  been  improved  Ethane-  and  butane  sulfo- 
nitroanilides  have  been  prepared  and  characterized  for  the  first  time.  A  method  has  been  developed  for  the  chlo 
rination  of  alkanesulfonitroanilides;  the  monochloronitroanilides  of  ethane-  and  butanesulfonic  acids  have  been 
prepared  and  characterized. 

The  structure  of  the  monochloro-p -nitroanilides  was  demonstrated  by  hydrolysis.  The  effect  of  the  nitro 
group  on  the  reactivity  of  the  aromatic  nucleus  in  the  nitroanilines  and  alkanesulfonitroanilides  has  been  shown. 
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INVESTIGATION  IN  THE  FIELD  OF  A  L  K  A  NE  S  U  LF  ON  IC  ACIDS 
XXII.  BROMINATION  OF  N-ARYLAMIDES  OF  ALKANESULFONIC  AQDS 

A.  G.  Kostsova, 

Voronezh  State  University 


In  the  development  of  the  previously  described  work  on  the  chlorination  of  the  N-arylamides  of  alkanesulfonic 
acids  [1],  we  have  undertaken  the  bromination  of  diese  compounds  in  dichloroethane  by  mixing  solutions  of  the  N- 
arylamide  and  bromine  at  room  temperature.  A  rise  in  temperature  was  not  observed  in  this  case  such  as  occurs  in 
the  chlorination. 

As  the  experiments  showed,  the  anilides  are  brominated  no  the  p-bromoanilides  and  the  p*-  and  o-toluidides 
to  the  monobromotoluidides,  where  in  the  p-toluidides  the  bromine  occupies  the  ortho -position  to  the  alkylsulfonamide 
group,  and  in  the  o-toluidides  it  occupies  the  para -position  to  this  group.  The  tetrabromotoluidides  are  not  formed 
here,  in  contrast  to  the  chloro  derivatives.  The  anisidides,  even  with  a  deficiency  of  bromine,  are  brominated  to 
form  the  dibromoanisidides.  Tetrabromoquinone  and  tetrabromoanisldide  have  not  been  detected.  It  must  be  noted 
that  the  o-anisidides  are  brominated  better  under  various  conditions  than  the  p-anisidides,  with  the  formation  of 
pure  products  in  high  yields,  while  the  brominated  p-anisidides,  as  a  rule,  are  contaminated  with  unreacted  p- 
anisidide.  The  nitroanilides  are  practically  unbrominated  under  the  given  conditions,  even  in  the  presence  of  AICI3, 
and  on  heating,  only  traces  of  the  bromo  derivatives  are  found. 

The  position  of  the  bromine  in  the  ring  was  demonstrated  by  hydrolysis  to  the  corresponding  bromoamine, 
although  this  was  not  successful  in  all  cases.  Thus,  for  example,  the  dibromo-p-  and  o-anisidides  are  not  all  described 
in  the  literature,  and  therefore  it  was  necessary  to  judge  the  structure  of  the  dibromoanisidides  obtained  by  us  from 
the  hydrolysis  by  analogy  with  the  chloro  derivatives  of  the  same  compounds  [1]. 

All  the  bromination  reactions  can  be  expressed  by  the  following  equations. 


1. 


RSO2NH-/  ^  RSO2NH— / 

\  ■  ■/  -HUr  \ - / 


\=/ 

Dr 
\ 

rso,nh-^3-cii, 
CH3 


2.  RS02NH-<^3)>-CH3 

CH3 

3.  RSOaNH-^  ^  RSO2NH— ^  ^=Br 

Br 

4.  RSOaNH-^  ^=OCHs  RSO2NH— ^  OCH3 

Br 

OCH3  OCH3  Br 

I _ 

5.  RS02NH-<f  ^  RS02NH-<f  > 

\  '  — SliBr  \  .  -  / 

Br 
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We  carried  out  the  bromination  of  these  same  N-arylamides  with  the  aid  of  dioxane  dibromide  [2].  The 
anilides  and  toluidides  were  brominated  by  mixing  their  ether  solutions  with  an  ether  solution  of  dioxane  dibromide; 
tlie  anisidides  are  not  brominated  under  these  conditions;  however,  the  reaction  takes  place  if  it  is  carried  out  by 
melting  the  components  at  70—80*  in  the  absence  of  solvents,  with  the  p-anisidides  being  brominated  considerably 
less  satisfactorily  than  the  o-anisidides.  As  shown  by  the  experiments,  on  bromination  with  dioxane  dibromide  the 
same  products  are  formed  as  in  direct  bromination,  but  with  lower  yields;  a  considerable  part  of  the  starting  N- 
arylamide  is  isolated  from  the  reaction  unchanged.  The  anilide  and  the  toluidides  of  methanesulfonic  acid  are 
brominated  better  than  the  others  by  this  method. 

The  bromo  derivatives  of  the  N-arylamides  of  the  alkanesulfonic  acids  are  colorless  crystalline  compounds, 
readily  soluble  in  alkalies,  dichloroethane,  acetone,  ether,  and  benzene;  soluble  in  alcohol  only  on  heating  (this 
fact  has  been  utilized  to  purify  them  from  die  starting  N-arylamides,  which  are  readily  soluble  in  cold  alcohol); 
they  are  insoluble  in  water.  The  compounds  obtained  (Table  1)  are  of  interest  as  possible  pharmaceutical  preparations. 

EXPERIMENTA  L 

The  bromination  of  all  the  N-arylamides  was  carried  out  by  the  same  method.  Tne  experimental  data  are 
given  in  Table  2. 

a)  The  N-arylamide  was  dissolved  in  dichloroethane.  The  bromine,  dissolved  in  5—10  ml  of  dichloroethane, 
was  added  in  portions,  with  stirring.  In  a  few  minutes  copious  evolution  of  H3r  started,  but  the  temperature  of  the 
reaction  mixture  did  not  rise.  After  two  hours  of  stirring,  the  mixture  was  left  until  the  following  day,  and  then  it 
was  transferred  to  a  dish  for  evaporation.  The  residue  was  washed  with  water,  then  with  alcohol.  Recrystallization 
was  carried  out  from  hot  alcohol.  In  the  case  of  the  bromination  of  the  p-anisidides,  there  was  an  appreciable 
amount  of  the  starting  anisidide  in  the  reaction  products,  which  was  removed  by  washing  three  times  with  cold 
alcohol. 

TABLE  1 


Melting 

point 

<7oN 

^oBr 

%  S 

Name  and  Empirical  Formula 

found 

calcu¬ 

lated 

found 

calcu¬ 

lated 

found 

calcu¬ 

lated 

1. 

Meth  anesulfo  -4  -bromoani  lide 
CyHgOgNSBr 

134-133* 

5.54 

5.60 

31.91 

32.00 

12.84 

12.80 

2. 

Ethanesulfo-4-bromoanilide 

CjH^Q02NSBr 

100-102 

5.25 

5.30 

29.96 

30.30 

11.88 

12.12 

3. 

Methanesulfo-3-bromo-p-toluidide 

CgHioOjNSBr 

85-86 

5.43 

! 

5. 30 

30.35 

30.30 

11.95 

12.12 

4. 

Etha  nes  ulf  o  -  3  -bromo  -p  -toluid  ide 

CgHijOgNSBr 

51-53 

4.95 

5.03 

28.56 

28.77 

11. 62 

11.51 

5. 

Methanesulfo  -5  -bromo  -o  -toluid  ide 
CgHioOjNSBr 

139-140 

5.21 

5.30 

30.40 

30.31 

12.86 

12. 12 

6. 

Ethanesulfo-5-bromo-o-toluidide 
CgH  12O2N  SBr 

114-116 

5. 12 

5.03 

28.79 

28.77 

11.44 

11.51 

7. 

Methanesulfo  -2,5  -dibromo-p  - 
anisidide  CgHgOgNSBrg 

153-155 

3.90 

3.90 

44.21 

44.50 

9.02 

8.93 

8. 

Eth  a  nesulfo  -  2, 5  -d  ibromo  -p  - 
anisidide  CgHuOgNSBtg 

146-148 

3.68 

3. 75 

42.55 

42.89 

8.61 

8.57 

9. 

Metha  nesulfo  -  3, 6  -d  ibromo  -0  - 
anisidide  CgH^gNSBrg 

131-132 

3.40 

3.90 

44.25 

44.50 

8.81 

8.93 

10. 

Eth  anesulf  0  -3, 6  -d  ibromo  -0  - 
anisidide  CgHjjOgNSBtg 

105-107 

3.42 

3.75 

42.80 

42.89 

8.50 

8.57 

11. 

Butanesulfo-2,5-dibromo-p- 
anisidide  CuHijOgNSBrg 

87-89 

3.41 

3.49 

40.01 

39.90 

7.82 

7.98 
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b)  Ether  solutions  of  the  N-arylamide  and  dioxane  dibromide  were  mixed.  The  mixture  was  left  until  the 
following  day,  and  then  it  was  washed  with  water.  The  ether  layer  was  separated  off,  dried  with  potassium  carbonate, 
and  the  ether  was  evaporated.  The  remaining  yellowish  crystals  were  recrystallized  from  hot  alcohol.  The  bromina- 
tion  of  ethanesulfo-o-toluidide  with  dioxane  dibromide  yielded  a  product  highly  contaminated  with  the  starting  o- 
toluidide.  By  repeated  washing  with  ether,  and  then  with  alcohol,  with  subsequent  recrystallization  from  the  latter, 
it  was  possible  to  obtain  a  pure  product,  but  in  very  low  yield.  Bromination  of  the  anisidides  with  dioxane  dibromide 
in  ether  or  dioxane  did  not  take  place,  and  it  therefore  was  carried  out  by  melting  the  anisidide  with  the  dioxane 
dibromide  at  70—80*  for  12—15  minutes.  The  fusion  was  poured  into  a  beaker  of  water.  The  solidified  mass  was 
separated  off,  washed  several  times  with  water,  and  then  with  alcohol  from  die  unreacted  anisidide  (the  para -isomer, 
as  a  rule,  was  more  contaminated  than  the  ortho -isomer).  The  results  of  the  bromination  of  the  N-arylamides  of 
the  alkanesulfonic  acids  are  given  in  Table  2. 

Hydrolysis  of  the  brominated  N-arylamtdes  of  alkanesulfonic  acids  was  carried  out  by  the  method  described 
previously  [  1].  In  all  cases  0.3  g  of  die  compound  was  used.  When  methane-  and  ethanesulfo-4-bromoanilides 
were  hydrolyzed,  p-bromoaniline  was  isolated  with  m.p.  64—65";  when  methane-  and  ethanesulfo-3-bromo-p- 
toluidides  were  hydrolyzed,  3-bromo-p-toluIdlne  was  separated  as  an  oil  and  converted  to  the  N -acetyl  derivative 
with  m.p.  116—117";  when  the  5-bromo-o-toluidides  were  hydrolyzed,  N-acetyl-5-bromo-o-toluidine  was  obtained 
with  m.p.  155—157";  when  the  dibromo-p-anisidides  were  hydrolyzed,  probably  the  2,5-dibromo-p-anisidine, 
which  is  not  described  in  the  literature,  was  formed  with  m.p.  78—80*  (by  analogy  with  the  hydrolysis  of  the  di- 
chloro-p- anisidides  [1]);  and  finally,  when  the  dibromo-o-anisidides  were  hydrolyzed,  dibromo-o-anisidine  with 
m.  p.  97-99“  was  produced. 

TABLE  2 


Name 

Bromination  of  N-Arylamides 

with  Bromine 

with 

Dioxane  Dibromide 

N-aryl- 

amide(g) 

bromine 

(g) 

_ 

solvent 

(ml) 

£ 

•a 

2 

■>» 

N-aryl¬ 
amide  (g) 

dioxane 
dibro¬ 
mide  (g) 

solvent 

(g) 

2 

•o 

1.  Methanesulfonanilide 

1.5 

1.4 

30 

70.0 

0.5 

0.72 

25 

68.5 

2.  Ethanesulfonanilide 

1.2 

1.1 

30 

87.7 

1.6 

4.8 

40 

43.8 

3.  Methanesulfo-p-toluidide 

1.5 

1.3 

30 

91.3 

2.0 

3.0 

40 

87.6 

4.  Methanesulfo-o-toluidide 

1.5 

1.3 

30 

88.9 

2.0 

3.0 

35 

84.1 

5.  Ethanesulfo-p-toluidide 

1.5 

1.2 

30 

86.1 

0.5 

0.6 

20 

44.9 

6.  Ethanesulfo-o-toluidide 

1.0 

0.8 

20 

72.0 

1.0 

L2 

25 

11.2 

7.  Methanesulfo-p-anisidide 

1.0 

1.6 

35 

57.5 

1.0 

2.0 

fused 

28.7 

8.  Methanesulfo-o -anisidide 

1.0 

1.6 

30 

91.9 

1.5 

2.5 

fused 

57.5 

9.  Ethanesulfo-p -anisidide 

1.0 

0.75 

25 

63.6 

0.8 

2.2 

fused 

34.2 

10.  Ethanesulfo-o-anisidide 

1,0 

0.75 

25 

80.9 

1.0 

2.4 

fused 

46.2 

11.  Butanesulfo-p -anisidide 

1.0 

0.7 

25 

72.7 

1.0 

1.7 

fused 

15.1 

SUMMARY 

The  bromination  of  some  N-arylamides  of  alkanesulfonic  acids  with  bromine  and  dioxane  dibromide  has  been 
studied. 

It  has  been  shown  that  bromination  by  both  methods  forms  the  same  products  (monobromo  derivatives  of  the 
anilides  and  toluidides  and  dibromo  derivatives  of  the  anisidides),  but  with  better  yields  by  direct  bromination. 
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SYNTHESIS  OF  N -A  R  YL -2 ,4 -DIME  THTLQUINOLINIUM  SALTS 
AND  THEIR  DERIVATIVES 

B.  A.  Tertov  and  B«  L  Ardashev 
Rostov-on-Don  State  University 


Over  recent  years  a  number  of  papers  have  been  published  on  the  synthesis  and  study  of  the  properties  of 
quaternary  salts  from  quinoline,  quinaldine,  lepldine,  and  their  derivatives .widi  aryl  radicals  at  the  nitrogen  atom 
[1-8] .  However,  up  to  the  present  nobody  has  syndieslzed  N-aryl  quaternary  salts  of  quinoline  bases  containing 
alkyl  groups  in  positions  2  and  4,  which,  in  particular,  may  be  of  interest  for  the  synthesis  of  certain  cyanine  dyes. 

Continuing  previous  investigations  [7,8]  ,  we  established  that  secondary  aromatic  amines  condense  with 
acetaldehyde  and  acetone  in  the  presence  of  hydrochloric  acid  and  nitrobenzene  to  form  N-aryl-2,  4-dlmethyl- 
quinolinium  salts  and  their  derivatives. 


A  large  excess  of  acetone  was  used  in  the  reaction  so  as  to  avoid  the  side  formation  of  N-arylquinaldinium 
salts  from  dlarylamines  and  acetaldehyde. 


EXPERIMENTAL 

N-Phenyl-2,  4-dimethylquinollnium  perchlorate.  Into  a  round-bottomed  flask  with  a  reflux  condenser  and 
a  dropping  funnel  were  placed  20  ml  of  acetone,  30  ml  of  alcohol,  15  ml  of  concentrated  hydrochloric  acid,  and 
30  ml  of  nitrobenzene.  Hie  contents  of  die  flask  were  heated  to  boiling  and  from  die  dropping  funnel  was  added 
a  mixture  of  10  g  of  diphenylamine,  2.7  ml  of  paraldehyde,  and  17.3  ml  of  acetone  over  a  period  of  3  hours.  When 
all  die  diphenylamine  and  paraldehyde  had  been  added,  die  mixture  was  boiled  for  1  hour.  The  reaction  mixture 
was  then  diluted  with  150  ml  of  water  and  steam  distilled;  die  alcohol,  acetone, and  nitrobenzene  were  thus  removed. 
The  aqueous  solution  of  N-phenyl-2,4-dimethylquinolinium  chloride  remaining  in  the  flask  was  decanted  from  die 
tar,  evaporated  to  a  volume  of  40-50  ml,  boiled  with  activated  charcoal,  Altered  free  from  the  latter,  and  treated 
with  a  5  %  solution  of  perchloric  acid.  The  precipitated  crystals  of  N-phenyl-2,4-dimediylquinolinium  perchlorate 
were  collected  and  recrystallized  from  alcohoL  We  obtained  3  g  (15  %)  of  a  product  which  decomposed  at  220-22^. 

Found  %:  N  4.31;  Cl  10.73  .  CnHi^O^NCL  Calculated  ^  ;  N  4.19;  Cl  10.62  . 

N-(2,4-Dlmediylphenyl)-2,4,6,8-tetramediylquinolinium  perchlorate.  The  synthesis  was  similar  to  the 
previous  one.  From  10  g  of  2,2’,4  ,4-tetramethyldli^enylamine  and  2  ml  of  paraldehyde  we  obtained  3.12  g  (18  %) 
of  product  with  m.p.  19?  . 

Found  %  :  N  3.82;  Cl  9.28  .  CjjHmO^NCI.  Calculated  %  ;  N  3.59;  Cl  9.09  . 
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N-Phenyl-2,4-dlmethyl-5,6-benzoqulnolinium  perchlorate.  Into  a  round-bottomed  flask  fitted  wltfi  a 
reflux  condenser  and  a  dropping  funnel  were  placed  10  ml  of  acetone,  15  ml  of  concentrated  hydrochloric  acid, 
and  15  ml  of  nitrobenzene.  The  reaction  mixture  was  heated  to  boiling  and  from  the  dropping  funnel  was  added 
a  solution  of  5  g  of  N-phenyl-6-naphdiylamlne  in  a  mixture  of  10  ml  of  alcohol,  15  ml  of  acetone,  and  1  ml  of 
paraldehyde  over  a  period  of  1  hour.  After  this  the  reaction  mixture  was  boiled  for  a  further  3  hours.  The 
quaternary  salts  were  Isolated  as  In  previous  experiments.  Recrystalllzatlon  from  50  '’Jo  alcohol  yielded  1.1  g 
(12.5  %)  of  a  product  with  m.p.  209*. 

Found  %  :  Cl  9.43  .  CjiHigO^NCl .  Calculated  %•.  Cl  9.21  . 

N-(  8  -Naphthyl)-2,4-dlmethyl-5,6-benzoqulnollnium  perchlorate  was  synthesized  In  the  same  way.  FTom 
4  g  of  0  ,0-dlnaphthylamlne  and  0.7  ml  of  paraldehyde  we  obtained  1.2  g  (18.5  °]o)  of  crystals  with  m.p.  19Sr. 

Found  %  :  Cl  8.41  .  Cj5Ha)04NCl .  Calculated  %  ;  Cl  8.17  . 

SUMMARY 

L  It  was  established  that  dlarylamines  condense  with  acetaldehyde  and  acetone  In  hydrochloric  acid  In 
the  presence  of  nitrobenzene  to  form  N-aryl-2,4-dimethylquinolinium  salts  and  their  derivatives. 

2.  Four  compounds  which  have  not  been  described  in  the  literature  were  obtained. 
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METH  ACRYLATION  OF  SOME  AMINO  ACIDS 
AND  THEIR  DERIVATIVES 

D.  V.  Ioffe  and  S.  G.  Kuznetsov 

All-Union  Scientific  Research  Institute  of  Health  Chemistry 


In  recent  years,  in  addition  to  esters  of  acrylic  and  methacrylic  acids,  the  amides  of  these  acids  have 
attracted  some  attention  as  starting  materials  for  the  synthesis  of  polymers.  Amides  of  acrylic  and  methacrylic 
acids  substimted  at  the  nitrogen  are  of  considerable  interest  [1,  2].  Substituted  methacrylamides  are  obtained 
either  from  amides  of  saturated  acids  [3]  or  from  derivatives  of  methacrylic  acid  and  appropriate  amines.  In  the 
literature  there  are  descriptions  of  two  methods  of  syntfiesizing  methacrylamides  from  methacrylic  acid 
derivatives.  One  of  these  consistsof  reacting  methyl  methacrylate  with  anilinomagneslum  bromide  or  analogous 
organomagnesium  compounds  [4].  A  more  convenient  method  is  the  interaction  of  methacrylyl  choride  with  an 
amine  in  an  inert  solvent  (benzene  or  ether)  [5-8];  excess  of  the  amine  acylated  or  some  tertiary  amine  (dimethyl- 
aniline  or  triethylamine)  is  used  to  bind  the  hydrogen  chloride  liberated  in  die  reaction  zone.  Methacrylyl  chloride 
also  reacts  with  amines  in  an  aqueous  medium  [8,  9  ]  .  The  N-substituted  acrylamides  obtained  by  any  of  these 
methods  are  usually  readily  polymerizable  compounds. 

The  purpose  of  the  present  work  was  the  methacrylation  of  aliphatic  amino  acids  and  their  derivatives, 
namely,  esters  and  dipeptides.  It  should  be  noted  that  while  methacrylated  aromatic  amino  acids  and  their  esters 
have  been  obtained  [6],  methacrylated  amino  acids  of  the  aliphatic  series  and  dieir  derivatives  are  unknown.  Of 
analogous  compounds,  die  literature  contains  descriptions  of  only  bromoacrylglycylglycine  [10]  and  ethyl  esters 
of  acryl glycine  and  acrylglycyl glycine  [11],  which  were  obtained,  however,  not  by  direct  acylation, but  by  other 
methods. 

Amino  acids  are  known  to  be  acylated  either  In  anhydrous  or  aqueous  alkaline  media,  i.e.,  under  conditions 
where  the  amino  group  Is  in  the  amine  form.  Our  attempts  to  acylate  glycine  In  dry  benzene  did  not  give  a 
positive  result  and  therefore  we  turned  to  the  acylation  of  amino  acids  in  an  aqueous  medium  with  a  2-fold  excess 
of  sodium  hydroxide.  The  second  equivalent  of  alkali,  added  gradually  during  the  reaction,  bound  the  hydrogen 
chloride  liberated.  At  the  end  of  the  reaction,  the  reaction  mixture  was  acidified  and  the  precipitated  product 
separated.  Methacrylyl  chloride  was  reacted  with  dipeptides  similarly,  Methacrylyl  chloride  was  reacted  with  ethyl 
esters  of  glycine,  phenylalanine,  and  glycylglyclne  in  an  inert  solvent  in  the  presence  of  triethylamine.  To  exclude 
possible  polymerization  of  the  reaction  products,  a  small  amount  of  hydroquinone  was  added  to  the  reaction  mixture. 

The  compounds  obtained  were  solids  (with  the  exception  of  the  ethyl  ester  of  methacrylglycine).  The 
properties  of  the  compounds  obtained  and  also  analysis  results  are  given  in  the  table  . 

The  methacylated  amino  acids  and  their  derivatives  polymerized  in  the  presence  of  benzoyl  peroxide  to 
form  solid  polymers.  The  ethyl  esters  of  mefriacrylated  amino  acids  polymerized  especially  readily.  The  polymers 
thus  formed  lost  the  alcohol  group  when  treated  with  alkali  and  formed  alkali-soluble  polymers  of  methacrylated 
amino  acids.  Copolymerization  of  the  ethyl  ester  of  methacrylglycine  with  the  dlmethacryl  ester  of  ethylene 
glycol  gave  a  solid  polymer,  which,  after  hydrolysis,  formed  a  cation-exchange  resin,  containing  glycine  in  its  structure. 
Similar  cation-exchange  resins  containing  phenyl-alanine  and  glycylglyclne  were  obtained  from  the  ethyl  esters 
of  methacrylphenylalanine  and  methacrylglycylglycine,  respectively.  Such  resins  may  be  of  some  Interest  due  to 
the  presence  of  amino  acids  and  carbamide  groups  in  their  structure.  In  particular,  such  resins  have  a  high 
swelling  capacity  (relative  swelling  capacity  of  up  to  300®/o).  It  may  be  assumed  that  they  will  have  a  high  capa¬ 
city  for  large  organic  ions. 
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TABLE 


N-Substituted  methacrylamides 


o 

a 

Melting 

Recrystalliza- 

A/* 

Nitrogen 

Name  of 

content  (in 

Samp 

compound 

(in  <^0] 

point 

tion  solvent 

found 

calc. 

found 

calc. 

1 

Methacrylglyclne 

58 

104° 

Acetone  + 
ether 

141.3, 

142.5 

14.3.1 

9.66, 

10.02 

9  79 

2 

Methacrylphenyl- 

GO 

09— 1(K) 

Benzene 

231.4, 

233.3 

6.22, 

6.01 

alanine 

Water 

234.2 

6.24 

3 

Methacrylgiycyl-  - 

75 

200-201 

20'i.0, 

200.2 

14.14, 

13.99 

glycine 

203.4 

14.16 

4 

Methacrylglycyl- 

G2 

128 

Acetone 

292.4, 

290.3 

9.68, 

9.65 

r> 

phenylalanine. 

Me  tnadf  ylphe  nyl  - 

68 

174 

Benzene 

291.3 

292.4, 

290.3 

9.78 

9..54, 

9.65 

G 

alanylglycine 

71 

291.7 

171.2 

9.57 

8.18 

Ethyl  ester  of  •  • 

— 

— 

173.0, 

8.22, 

methacrylphenyl 

56 

170.2 

261.3 

8.06 

7 

Ethyl  ester  of  meth- 

64 

Ether 

263.2, 

.5.25, 

.5.36 

acrylphenylalanine 

262.0 

226.4, 

.5.32 

12.1.5. 

s 

Ethyl  ester  of  meth- 

(iG 

73—74 

Benzene 

228.0 

228.3 

12.33 

12.27 

acrylglycylglyci  n< 

•  The  molecular  weights  of  compounds  1-5  were  found  by  alkalimetrlc  tltratlon.and 
those  of  compounds  1-8,  by  bromometric  titration  . 

•*  B.p.  ISd-lSS*  (9  mm),  n^,®  1.4749,  d4®  1.0816  ,  MR^  44.56;  calc.  44.20  . 


EX  PERIMENTAL 

Iw  Methacrylation  of  amino  acids  and  dipeptides.  To  a  solution  of  0.05  mole  of  amino  acid  or  dipeptide 
in  25  ml  of  2  N  sodium  hydroxide  was  added  a  small  amount  of  hydroqulnone  (20-30  mg),  the  solution  cooled  to 
(f  and  0.05  mole  (5.2  g)  of  methacrylyl  chloride  and  25  ml  of  2  N  sodium  hydroxide  added  alternately  with 
vigorous  stirring.  The  temperature  of  the  reaction  mixture  was  kept  at  O-ST  during  the  reaction.  During  the  whole 
time  the  reaction  medium  was  alkaline  to  phenolphthalein.  When  the  reagents  had  been  added  ,  the  reaction 
mixture  was  acidified  with  a  stream  of  hydrogen  chloride  with  cooling.  The  precipitated  product  was  separated 
and  recrystallized. 

2.  Methacrylation  of  ethyl  esters  of  amino  acids.  To  a  solution  of  0.05  mole  of  the  ethyl  ester  of  the  amino 
acid  and  0.05  mole  (5.0  g)  of  triethylamine  in  dry  ether  was  added  0.05  mole  (5.2  g)  of  methacrylyl  chloride  with 
stirring  .  The  temperature  of  the  reaction  mixture  was  kept  at  0-5*.  At  the  end  of  the  reaction,  the  precipitated 
triethylamine  hydrochloride  was  removed  and  washed  with  etlier.and  the  combined  ether  solutions  evaporated. 

The  residue  was  vacuum  distilled  or  recrystallized. 

3.  Methacrylation  of  the  ethyl  ester  of  glycylglycine.  To  a  solution  of  8.0  g  (0,05  mole)  of  the  ethyl  ester 
of  glycylglycine  and  5.0  g  (0.05  mole)  of  triethylamine  in  dry  chloroform  was  added  5.2  g  (0.05  mole)  of 
methacrylyl  chloride  with  stirring.  The  temperature  of  the  reaction  mixture  was  kept  at  0-5*  .  At  the  end  of  die 
reaction  the  chloroform  was  removed  under  reduced  pressure,  the  residue  treated  with  50  ml  of  benzene,  the 
precipitate  removed,  and  the  benzene  evaporated  to  the  beginning  of  crystallization. 

4.  Polymerization.  The  polymerization  was  carried  out  in  block,  in  the  presence  of  benzoyl  peroxide 
(0. 1-0.3  %)  at  75-80*  for  the  ethyl  esters  and  at  temperatures  above  the  melting  point  for  the  other  substances. 

The  polymerization  products  were  pale  yellow  solids. 

5.  Preparation  of  cation -exchange  resin  containing  glycine.  To  6  g  of  the  ethyl  ester  of  methacrylglyclne 
was  added  1  g  of  the  dlmethacryl  ester  of  ethylene  glycol.and  70  mg  of  benzoyl  peroxide.  The  mixture  was 
placed  in  an  ampoule  and  the  sealed  ampoule  heated  for  24  hours  at  75-80*  .  The  solid  polymer  was  removed 
from  the  ampoule  and  pulverized.  The  grains  obtained  were  treated  with  100  ml  of  2  N  sodium  hydroxide  for  3 
hours  at  room  temperature,  the  mass  acidified,  the  resin  separated,  washed  with  water,  and  dried.  Light-yellow 
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grains  of  resin  were  obtained.  The  relative  swelling  capacity  of  die  H-form  was  200  %  and  that  of  the  Na-form, 
340  % .  The  capacity  of  the  resin  forsodium  ions,  determined  by  titration  [12],  was  5.6  mg-equiv  /g . 

Resins  containing  phenylalanine  and  glycylglycine  were  prepared  analogously.  In  the  preparation  of  the 
resin  containing  phenylalanine,  the  hydrolysis  with  alkali  was  carrrled  out  at  90-95*  . 


SUMMARY 

1.  A  method  was  proposed  for  acylating  amino  acids  and  dipeptides  with  methacrylyl  chloride  In  an  aqueous 
alkaline  medium. 

2.  Eight  N-substituted  methacrylamides  which  have  not  been  described  in  the  literature  were  prepared. 

3.  Polymerization  of  some  N-substltuted  methacrylamides  yielded  cation-exchange  resins  containing 
amino  acids. 
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CYANINE  DYES  WITH  UNSATURATED  SUBSTITUENTS 

VI.  MONOMETHYNECYANINES  AND  STYRIL  DYES  CONTAINING  STYRYL 
AND  y  -PHENYLBUTADIENYL  RADICALS  IN  THE  BENZTHIAZOLE  NUCLEI 

I.  K.  Ushenko  and  S.  E.  Gornostaeva 

Institute  of  Organic  Chemistry,  Academy  of  Sciences  Ukrainian  SSR 


In  previous  communications  [1-5]  we  described  different  cyanine  dyes  containing  unsaturated  substituents  in 
the  heterocyclic  nuclei.  Monomethynecyanines  and  styrll  dyes  with  unsaturated  grouping  remained  unknown.  In 
the  present  work  we  describe  the  synthesis  of  dyes  of  this  type.  It  could  have  been  expected  that  due  to  conjuga¬ 
tion  of  the  unsaturated  groupings  with  the  polymethyne  chromoj^ore  of  the  monomethynecyanine  or  styril,  die 
conjugation  chain  must  increase, and  as  a  result  the  color  of  the  dye  must  deepen.  This  hypothesis  was  completely 
confirmed. 


The  starting  bases  were  obtained  by  the  reaction  of  benzdiiazolyldiazonium  chlorides  with  cinnamic  acid  or 
its  derivatives  under  the  conditions  of  the  Mcerwein  reaction  [6],  We  had  previously  prepared  2-methyl-6-styrylbenz 
thiazole,  2-methyl-6-p-methoxystyrylbenzthiazole,  2-methyl-6-^-thienylvinyl)-benzdilazole,  and  their  quaternary 
salts  [1].  Below  we  give  the  synthesis  of  some  new  bases,  obtained  by  reaction  of  diazotized  2-methylmercapto-6- 
aminobenzihiazole  with  cinnamic,  p-methoxycinnamic,  aid  styrylacrylic  acids.  The  bases  obtained  are  listed  in 
Table  1 . 


The  data  in  Table  1  show  that  the  yield  of  bases  containing  unsaturated  substituents  is  low,  as  we  also  observed 
previously  [1,  2].  The  low  yield  of  the  bases  is  caused  by  a  number  of  side  processes  :  the  formation  of  Sandmeyer 
reaction  products,  azo  resins, and  also  oily  substances, whose  structure  has  not  yet  been  established.  The  bases  listed 
readily  formed  quaternary  salts  when  treated  with  alkylating  agents. 

For  the  preparation  of  monomethynecyanines,  the  quaternary  salts  containing  an  active  methyl  group  were 
condensed  with  quaternary  salts  of  2-methylmercaptobenzthiazoles  in  anhydrous  alcohol  in  the  presence  of 
trlethylamine. 


C:eH5CH=CH 


=nH— /\ — ‘ 


\— rH=( 


CH=CHC6H 


Ih, 

I  S  - ^^/'\-CH=CHG6H5 

I  4- Jc-CH=i  I 


G2H5 

C6H5CH=CH— 

\/ 


I  X-  I 

C2H5  C2H5 


Table  2  gives  some  monomethynecyanines  containing  unsaturated  substituents  in  the  benzthiazole  nuclei. 
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TAI.LE  1 


Bases 

I  C— SGUa 

U\n/ 


Compound 

R 

Yield  (in  “/o) 

No. 

1 

CoIl5CII=CH 

7.8 

11 

p-CH30Coll4CII=CH 

9.3 

III 

C8lIr,(CH=Cll)2 

17.4 

The  data  in  Table  2  show  that  In  all  cases  the 
introduction  of  unsaturated  substituents  into  the 
monomethynecyanine  molecule  produced  a  strong 
bathochromic  effect,  equal  to  60  mp.  Styryl  and 
y-phenylbutadienyl  substituents  produced  a  batho¬ 
chromic  effect  which  was  stronger  than  that  of  many 
auxochromlc  groups,  and  on  the  same  level  as  that  of  the 
the  dimethylamlno  group  [7-9] . 

Quaternary  salts  containing  unsaturated 
substituents  in  the  benzthiazole  nucleus  were  also 
condensed  with  p-dlmethylaminobenzaldehyde. 

The  absorption  maxima  of  the  styril  dyes  synthesized 
are  given  in  Table  3  . 


The  introduction  of  unsaturated  groupings  into 
position  6  of  the  styril  dyes  also  produced  a  considerable 
shift  in  the  absorption  maximum  into  the  long-wave  part  of  the  spectrum,  which  reached  28  mp  . 

EX  PERIMENTAL 

2-Mediylmercapto-6-aminobenzthiazole  was  obtained  by  reduction  of  2-methylmercapto-6-nitrobenzthiazole 
[10]  with  staimous  chloride  in  hydrochloric  acid.  The  small  tablets,  from  alcohol,had  m.p.  110-111*. 

2-Metfiylmercapto-6-styrylbenzthiazole  (I) .  19.6  g  of  2-methylmercapto-6-amlnobenzthiazole  was 
dissolved  in  70  ml  of  hot  concentrated  hydrochloric  acid  and  58  ml  of  water,  the  solution  cooled  to  -5*,  and  the 
substance  dlazotlzed  with  7.5  g  of  sodium  nitrite  in  16  ml  of  water.  Into  a  three-necked  flask  fitted  with  a 
thermometer  and  a  mercury  seal  and  connected  to  a  Tishchenko  bottle  with  a  barium  hydroxide  solution  were 
placed  14.8  g  of  cinnamic  acid,  67.2  g  of  sodium  acetate,  400  ml  of  acetone,  and  5.1  g  of  curpic  chloride 
(CuClj*  2H2O)  in  10  ml  of  water.  The  mixture  was  cooled  to  -5*  and  die  diazonium  chloride  solution  added 
with  vigorous  stirring  over  a  period  of  10-15  minutes.  Stirring  was  then  continued  for  4  hours  while  the  temperature 
of  the  reaction  mixture  gradually  rose  to  room  temperature.  On  the  following  day  the  mixture  was  heated  to 
50-5?  and  stirred  for  a  further  half  an  hour.  When  the  mixture  had  cooled,  the  precipitate  was  collected,  washed 
with  acetone,  and  the  aqueous  acetone  filtrate  steam  distilled.  Distillate  was  collected  until  halogen  was  absent 
from  the  last  portions.  1.9  g  pf  2-mediylmercapto-6-chlorobenzthiazole  was  isolated  from  the  distillate.  When 
the  contents  of  the  distillation  flask  were  cooled,  the  aqueous  solution  deposited  4.9  g  of  cinnamic  acid.  The 
dark  ,  viscous  mass  remaining  in  the  flask  was  dissolved  in  300  ml  of  chloroform  and  the  solution  washed  with 
12*54)  ammonia  to  remove  the  acid  products,  and  then  with  water  until  neutral.  The  solution  was  dried  with  calcium 
chloride,  reduced  to  a  volume  of  70-80  ml.and  chromatographed  on  aluminum  oxide.  Qiloroform  was  used  for 
elution.  The  first,  light-yellow  zone  was  collected  separately;  the  more  impure  eluate  was  rechromatographed. 
Removal  of  the  chloroform  from  the  combined  eluated  yielded  5.5  g  of  an  oily  yellow  product.  Two  recrystallizations 
from  isopropyl  alcohol  gave  2.2  g  (7.8  °lo)  of  base.  The  yield  on  the  cinnamic  acid  reacting  was  10.6  *54) .  The  light- 
yellow  platelets  had  m.p.  104-10?  . 


Found  <7o;  N  5.12,  5.16;  S  22.86,  23.06  .  C16H13NS2  .  Calculated  *^0  ;  N  4.95  ;  S  22.62  . 

2-Methvlmercapto-6-(p-methoxystyryl)-benzthiazole  (11) .  19.6  g  of  2-methylmercapto-6-aminobenzthiazole 
was  diazotized  as  described  above.  Over  a  period  of  1  hour  the  benzthiazolyldiazonium  chloride  solution  was 
introduced  into  a  reactor  containing  16.8  g  of  p-methoxyciimamic  acid,  67.2  g  of  sodium  acetate,  400  ml  of 
acetone,  and  a  solution  of  5.1  g  of  cupric  chloride  in  10  ml  of  water.  The  reaction  mixture  was  stirred  for  8  hours 
while  the  temperature  slowly  rose  from  -1?  to  +2?.  On  the  following  day  the  mixture  was  heated  to  5?  and 
stirred  for  1  hour  (until  the  evolution  of  carbon  dioxide  ceased  completely) .  The  base  was  Isolated  and  purified 
as  described  above.  Recrystallization  from  isobutyi  alcohol  with  animal  charcoal  gave  2.6  g  of  base.  The 
colorless  scales  had  m.p.  151-15?  . 

Found  *70  ;  N  4.57,  4.62;  S  20,70  .  CnHjgONSj  .  Calculated  *7) :  N  4.47;  S  20.45  . 

2-Mefrtylmercapto-6-(4*-phenylbutadienyl-l')-benzthiazole  (III).  19.6  g  of  2-metfiylmercapto-6-amino- 
benzthiazole  was  diazotized  as  described  above.  Into  a  flask  were  placed  17.4  g  of  styrylacrylic  acid,  400  ml  of 
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TABLE  2 

Monomethynecyanines 


Compound 

R 

R' 

Absorption 

maximum 

Shift  in  absorp- 
maximum 

No. 

(in  mp) 

finmp) 

fl 

H 

422 

_ 

IV 

CoIIjCII-rCH 

CcH3Ch=ch 

46() 

+44 

V 

1  P-CII3O— CoIl4CH=CII 

CcIIsCII^CH 

468 

+46 

VI 

1  1— CH=CIi 

C6ll5CH=GH 

46!) 

+47 

VII 

p-CH30CoIl4CH=CH 

P-cn30CcH4CH=cn 

474 

+52 

VIII 

![J-cn=cn 

P^H30CcH4CH=^C1I 

474 

+52 

IX 

C6ll5(CIi=CII)2 

C6ll5(CII=CH)2 

482 

+60 

X 

II 

C6ll3ClI=CH 

446 

+24 

XI 

H 

p-CH30C6ll4CH=CH 

450 

+28 

XII 

H 

n 

1 

II  ll-CH=CH 
^5/ 

451 

+29 

S- 


I  X*“ 


R' 


Callr. 


I 

C2H5 


TABLE  3 
Styril  Dyes 

R-, 


\/\n> 

I 

CgH 


s 

I 

C--CIh 


=cn 


./  \ 
\ _ / 


N(Cll3)2 


X- 


Compouncj 

No. 


XMl 

xvni 

XTX 


XX 


lAbsorp"  [Shift  in 
Ition  maxi  absorption 
imum  (in  maximum 


mp) 


acetone,  67.2  g  of  sodium  acetate,  and  5.1  g  of 
cupric  chloride  and  10  ml  of  water.  The  mixture  was 
cooled  to  -10*  and  the  cooled  diazonium  solution 
added  to  it  over  a  period  of  10  minutes.  Stining 
was  continued  for  5  hours  while  the  temperature  of 
the  reaction  mixture  gradually  rose  to  room  temperature. 
On  the  following  day  the  mixture  was  stined  at  2(f 
for  3  hours  and  at  50-55*  for  half  an  hour.  The 
evolution  of  carbon  dioxide  ceased  only  at  the  end 
of  heating  .  After  20  mg  of  hydroquinone  had  been 
added  to  the  reaction  mixture,  the  latter  was  steam 
distilled.  The  contents  of  the  flask  were  poured 
into  a  beaker,  where  the  dark,  viscous  mass  solidified 
on  cooling.  This  was  then  separated,  powdered, 
washed  with  water,  dried,  dissolved  in  chloroform, 
and  the  solution  filtered  and  chromatographed  on 
aluminum  oxide.  The  chloroform  was  distilled  from 
die  eluate  to  leave  a  light  yellow  oil  which 
crystallized  on  cooling.  The  weight  was  10.8  g 
(34.8  *’]o).  To  the  precipitate  was  added  15  ml  of 
methanol,  the  mixture  stirred,  and  the  precipitate 
collected  and  dried.  The  yield  was  5.4  g  and  the 
m.p.  143-144*.  The  base  did  not  contain  halogen.  After 
recrystallization  from  alcohol  the  product  had  m.p.  145-146^,  which  did  not  change  further.  The  solutions  and 
also  the  solid  base  fluoresced  strongly  in  ultraviolet  light. 

Found  ;  S  20.80,  20.70  .  CigHjgNS,  .  Calculated  ^0  ;  S  20.71  . 


II 

CCH5CII--CII 

-CHaOCcIUCH^-CIl 

Q,llr.(CH-CII)2 


530 

548 

552 

555 

558 


(in  mp) 


-1  18 
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+25 

+28 
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monomethynecyanine  iodid< 


Ethylbenzenesulfonate  of  2-methylmercapto-6-$tyrylbenzthiazole.  0.85  g  of  2-methylmercapto-6-styryl- 
benztfiiazole  and  0.94  g  of  ethyl  benzenesulfonate  were  heated  on  an  oil  bath  at  140-150*  for  6  hours.  The 
salt  was  dissolved  in  boiling  water  and  the  solution  decolorized  with  animal  charcoal  and  evaporated  on  a  water 
bath.  The  yield  was  1.3  g  (92  °Jo) .  The  product  was  used  without  further  purification. 

Ethylbenzensulfonate  of  2-methylmercapto-6-(p-methoxystyryl)-benzthiazole.  0.93  g  of  2-methylmercapto- 
6-(p-methoxystyryl)-benzthiazole  and  0.94  g  of  ethyl  benzensulfonate  were  heated  at  150-160*  for  8  hours.  The 
yield  was  1  g  (74  %).  The  light-yellow  powder  had  m.p.  162-163*.  The  product  was  used  without  further 
purification. 

Ethyl -p-toluenesulfonates  of  2-methyl-6-styrylbenzthiazole,  2-methyl-6-(p-methoxystyryl)-benzdiiazole, 
2-methyl-6-(a-thienylvinyl)-benzthiazole,  and  2-methyl-6-(4'-phenylbutadienyl-l')-benzthiazole  were 
described  by  us  previously  [1,  3]. 

2-Methylmercapto-4-phenylthiazole  was  obtained  from  methyl  dithiocarbamate  [11]  and  bromoacetophenone  [12]. 

Ethyl-p-toluenesulfonate  of  2-methylmercapto-4-phenylthiazole.  To  1.8  g  of  2-methylmercapto-4-phenyl- 
thiazole  was  added  2  g  of  ethyl  p-toluenesulfonate.  The  mixture  was  heated  at  135-145*  for  5  hours.  The 
usual  processing  yielded  2  g  (56  %)  of  quaternary  salt  as  a  brownish  viscous  oil.  The  salt  was  used  without  further 
purification. 

The  ethyl-p-toluenesulfonate  of  2-methylmercapto-6,  7 -benzobenzdiiazole  was  obtained  by  us  previously 

[13]. 

Synthesis  of  dyes,  A  general  procedure  was  used  for  synthesizing  the  monomethynecyanines.  The  quaternary 
salt  of  the  substituted  benzthiazole,  containing  an  active  methyl  group  in  position  2,  was  dissolved  in  10-20  ml 
of  anhydrous  alcohol.  To  the  solution  was  added  the  second  component,  namely,  tfie  quaternary  salt  of  2-methyl 
mercaptobenzthiazole  and  0.5  ml  of  triethylamine.  The  mixture  was  boiled  for  20-30  minutes  ,  the  dye  precipitated 
with  a  hot  aqueous  solution  of  potassium  iodide,  and  the  precipitate  collected,  washed  with  warm  water,  methanol, 
and  ether,  and  recrystallized  2-3  times  from  an  appropriate  solvent.  Table  4  gives  the  conditions  of  synthesizing 
the  monomethynecyanines  and  the  analysis  results.  The  following  symbols  were  used  for  the  starting  quaternary 
salts  :  ethylbenzenesulfonate  of  2-methylmercapto-6-styrylbenzthiazole  (A),  ethyl-p-toluenesulfonate  of  2-methyl- 
6-styrylbenzthiazole  (B),  ethyl-p-toluenesulfonate  of  2-methyl-6-(p-methoxystyryl)-benzthiazole  (C)  ,  ethyl  -p- 
toluenesulfonate  of  2-methyl-6-(a-diienylvinyl)-benzthiazole  (D),  ethylbenzenesulfonate  of  2-methylmercapto-6- 
(p-medioxystyryl)-benztfiiazole  (E),  iodoethylate  of  2-methylmercaptobenzthiazole  (F),  ethyl-p-toluenesulfonate 
of  2-methylmercapto-6,  7-benzobenzthiazole  (G),  ethyl-p-toluenesulfonate  of  2-methylmercapto-4-phenylthiazole 
(H)  ,  ethyl-p-toluenesulfonate  of  2-methyl-6-(4'-phenylbutadienyl-l')-benzthiazole  (I)  ,  and  ethyl-p-toluenesulfonate 
of  2-methylmercapto-6-(4’-phenylbutadienyl-l*)-benzthiazole  (J) . 

Iodoethylate  of  2-(p-dimethylaminostyryl)-6-styrylbenzihiazole  (XVII).  A  mixture  of  0.5  g  of  the  ethyl-p- 
toluenesulfonate  of  2-methyl-6-styrylbenzthiazole  ,  0.16  g  of  p-dimethylaminobenzaldehyde,  and  4  ml  of  acetic 
anhydride  was  boiled  for  25  minutes.  The  reaction  mixture  v/as  poured  into  a  hot  solution  of  potassium  iodide. 

The  precipitate  was  collected,  washed  with  water  and  a  small  amount  of  methanol ,  and  successively  recrystallized 
from  isobutyl  and  ethyl  icohols.  The  yield  was  0.23  g  (40  %  )•  The  fine  dark-green  crystals  had  m,p.  223*. 

Found  %  :  N  5.00,  4.96  .  CctHctN2SI  .  Calculated  :  N  5.20  . 

The  bromoethylate  of  2-(p-dimethylaminostyryl)-6-(p-methoxystyryl)-benzthiazole  (XVIII)  was  obtained 
analogously  from  0.48  g  of  the  ethyl-p-toluenesulfonate  of  2-methyl-6-(p-methT)xystyryl)-benzthiazole  and  0.3 
g  of  p-dimethylaminobenzaldehyde.  The  yield  was  0.23^44  %).  The  dark-green  crystals  had  m.p.  236*. 

Found  "/o:  Br  15.47,  15.65.  QgHjgOb^SBr.  Calculated  <7°:  Br  15.35 

The  iodoethylate  of  2-(p-dimethylaminostyryl)-6-(<x-thienylvinyl)-benzthiazole  (XI^)  was  obtained  by  boil¬ 
ing  0.46  g  of  the  ethyl-p-toluenesulfonate  of  2-methyl-6-(cx-thienylvinyl)-benzthiazole  and  0.3  g  of  p-dimethyl- 
aminobenzaldehyde  in  5  ml  of  acetic  anhydride.  When  the  product  had  been  recrystallized  twice  from  isomyl  alco¬ 
hol,  the  yield  was  0.15  g  (27*7o).  The  dark  green  crystals  had  m.  p.  224*. 

Found  %:  N  5.18,  5.31  C25H25N2S2L  Calculated  <70:  N  5.15. 

Bromoethylate  of  2-(p-dimethylaminostyryl)-6-(4'-phenylbutadienyl-l*)-benzthiazole  (XX).  A  mixture  of 
0.47  g  of  the  ethyl-p-toluenesulfonate  of  2-methyl-6-(4’-phenylbutadienyl-l’)-benzthiazole,  0.15  g  of  dimethyl- 
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atninobenzaldehyde,  and  6  ml  of  acetic  anhydride  was  boiled  for  30  minutes.  The  precipitate  of  dye  was  collected 
and  recrystallized  twice  from  alcohoL  The  yield  was  0,16  g  (31  %).  The  fine  black  crystals  had  m.p.  243*. 

Found  °h  :  N  5.26.  5.22  .  C2aH29N2SBr  .  Calculated  ^  •  N  5.41 . 

SUMMARY 

1.  The  interaction  of  diazotlzed  2-methylmercapto-6-aminobenzthiazole  widi  cinnamic,  p-methoxycinnamic, 
and  styrylacrylic  acids  under  the  conditions  of  the  Meerweln  reaction  yielded  three  new  bases  containing  unsaturated 
substituents  in  position  6.  When  treated  widi  alkylating  agents,  the  bases  were  converted  into  quaternary  salts. 

2.  Condensation  of  the  quaternary  salts,  which  have  an  active  methyl  group,  with  quaternary  salts  of  2-methyl- 
mercaptobenzdilazoles  gave  a  number  of  monomethynecyanines  containing  unsaturated  radicals  in  the  benzthiazole 
nucleus. 

3.  It  was  established  that  the  introduction  of  unsaturated  radicals  into  positions  6,6*  of  monomethynecyanines 
produced  a  bathochromic  effect  of  up  to  60  m  p  . 

4.  Some  styril  dyes  containing  unsaturated  substituents  in  position  6  were  synthesized.  It  was  shown  diat  the 
introductionof  unsaturated  substituents  into  position  6  of  styril  dyes  produced  a  considerable  shift  in  die  absorption 
maximum  into  the  long-wave  region  of  die  spectrum. 
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SOME  INDOLE  DERIVATIVES 


E.  E.  Baroni  and  K.  A.  Kovyrzina 


The  simplest  method  of  preparing  aromatic  derivatives  of  indole  is  that  of  Bischler  [1,2].  This  method 
consists  of  reacting  primary  aromatic  amines  and  their  hydrochlorides  with  a-hydroxy  and  a>halo  ketones* 
Practical  aspects  of  the  condensation  were  studied  by  Japp  [3] .  Contrary  to  the  data  of  Voigt  [11],  who  condensed 
benzoin  with  aromatic  amines  in  a  sealed  tube,  it  was  found  that  the  synthesis  could  be  achieved  in  an  open 
beaker  at  180-200*  in  1-2  hours  .  The  yield  reached  50-75  %  . 


Fig.  1.  Absorption  spectra  of  indoles  in 
alcohol  (10"S  mole/liter).  1)  2-Phenyl- 
indole,  2)  1,2-diphenylindole,  3)  1,3- 
diphenylindole,  4)  2,3-dii^enylindole. 


Fig .  2.  Absorption  spectra  of  indoles  in 
alcohol  (lO"®  mole/liter).  1)  2,3-Diphenyl- 
7-methyllndole,  2)  2,3-diphenyl-5-methyl- 
indole,  3)  2,3-dii*enyl-l-methylindole . 


By  this  method  we  obtained  the  following  indole  derivatives:  2,3-dlphenyl-l-methyl-  ,  2,3-dlphenyl-7-methyl-, 

2.3- diphenyl-5-methyl-,  and  2,3-diphenyl-  B -naphthoindole. 

The  action  of  secondary  aromatic  amines  on  a-hydroxy,  a-halo,and  a-arylamino  ketones  has  been  studied 
little  as  yet.  There  is  only  the  work  of  Richards  [4],  who  reacted  di{^enylamine  with  benzoin  and  obtained 

1.2.3- trii^enylindole.  We  investigated  the  action  of  diphenylamine  on  a-halo  ketones.  It  was  established  that 
the  reaction  of  dij^enylamine  widi  a-halo  ketones  was  not  difficult  to  accomplish.  The  action  of  diphenylamine 
on  cu-bromoacetofhenone  was  used  to  syndiesize  a  new  disubstituted  derivative,  1,3-diphenyl -indole.  The 
absorption  spectra  of  the  indoles  obtained  are  given  in  Figs.  1,  2,  and  3  . 

A  whole  series  of  optical  and  chemical  properties  of  complex  cyclic  molecules  are  known  to  be  determined 
by  the  generalized  electron  cloud.  The  unshared  electron  pair  of  the  nitrogen  atom  is  capable  of  interacting  with 
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TABLE  1 


a -Hydroxy  and 

Aromatic  amines 

Product 

Method 

Yield  (<70) 

Litera- 

a -halo  ketones 

ture 

r 

Aniline  and  its  hydro- 

2 ,3  -  Diphenyli  ndole 

I 

67 

[11.3] 

chloride 

o-Toluidine  and  its  hydro- 

2 ,3  -  Diphenyl-  7  -me  thyl- 

I 

75 

[11.3] 

chloride 

indole 

Benzoin  ^ 

p-Toluidine  and  its  hydro- 

2 ,3  -  Diphenyl-5  -methyl- 

I 

68 

[11.3] 

chloride 

indole 

a-Naphthylamine  and  its 

2 ,3  -  Diphe  nyl  -  a  -  naphtho- 

I 

57.5 

[11.3] 

hydrochloride 

indole 

V 

B  -Naphthylamine 

2 ,3  -  Diphenyl-  B  -  naphtho- 

n 

53 

[11.3] 

indole 

a-Bromodesoxy- 

Monomethylaniline 

2 ,3  -  Diphe  nyl  - 1  -  me  thyl  - 

III 

72 

- 

benzoin 

indole 

u)- Bromoaceto- 

Diphenylamine 

1 ,3  -  Diphenyli  ndole 

I 

35 

- 

phenone 

Benzoin 

Diphenylamine 

1 ,2 ,3  -  Triphe  nyli  ndole 

I 

[4] 

Fig.  3.  Absorption  spectra  of  indoles 
in  alcohol  (10"’  mole/liter  ).  1) 
l,2,3-Tri|rfienylindole,  2)  2,3-diphenyl- 
B -naphthoindole,  3)  2,3-dlphenyl-a- 
naphthoindole  . 


ir '-electrons  of  a  chain  of  conjugated  bonds,and  by  being  included 
in  the  general  electron  system  of  the  molecule,  substantially 
increases  its  polarizability.  Due  to  this  there  is  a  rearrangement 
of  the  density  of  the  electron  cloud  and  die  formadonof  an  ionic 
state  corresponding  to  formulas  (I)  and  (11)  becomes  possible  in 
die  l,3'’dl[^enylindole  molecule.  In  this  connection  ,  it  is 
interesting  to  mention  papers  [5-7],  where  reports  were  given  on 
die  connection  between  fluorescence  capacity  and  die  structure 
of  i^enyl  derivatives  of  -pyrazoline,  where  the  nitrogen  atom 
plays  a  similar  role. 

All  the  indole  compounds  we  obtained  had  a  strong 
fluorescence  in  the  ultraviolet  region  of  the  spectrum  and  could  be 
incorporated  into  polystyrene  without  any  particular  difficulty  to 
give  hi^ -grade  plastic  scintillators  [8].  This  required  products 
of  special  purity,  and  therefore  the  indoles  obtained  were  sublimed 
in  high  vacuum  (5*  10*^  mm  Hg).  Sublimation,  and  then 
recrystallization  from  n-heptane  made  it  possible  to  obtain 
1,2-diphenylindole  in  a  crystalline  form  (it  was  previously 
described  in  the  literature  as  an  oil  [2]). 


e 

EXPERIMENTAL 


Method  1 .  1  mole  of  a-hydroxy  ketone,  3  moles  of  primary  aromatb  amine,  and  1  mole  of  its 

hydrochloride  were  heated  in  an  open  beaker  to  180-200*  for  2  hours.  The  reaction  mass  was  distributed  between 
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TABLE  2 


Name  of  indole 


2^>Diphenylindole 

2.3- Dlphenyl-7-methylindole 

2.3- Dlphenyl-5-methylindole 
2  ^  -  Diphenyl  -  a  -  naphthoi  ndole 

2^3-Dlphenyl-0  -naphtholndole 
2^ -Diphenyl- 1-methylindole 

1  ^  -  Dlphenyllndole 
1,2-Dlphenylindole  [9] 

2  T  Phenyl  indole  [10] 

1.2.3- Triphenylindole  [4] 


Boiling  pc^nt 
^re^ure  in 


260—2700(2) 
270  (9) 

238  (2) 

270-285(10) 

280—285(8) 

330—340(18) 

310(8—6) 

200-230(3) 

49 

186 

185 


Melting 

point 

g 

Molecular  weight 

found 

calc. 

123-124° 

1.6391 

269.55 

269.33 

135 

1.6600 

283.9 

283.35 

152—153 

1.6691 

284.8 

283.35 

140—141 

1.6874 

319.8 

319.38 

166—167 

_ 

318.8 

319.38 

139 

— 

283.0 

283..35 

103-104 

1.6524 

271.1 

269.33 

— 

— 

— 

— 

*  Refractive  indices  obtained  by  calculation  from  the  refractive  indices  of  a  10^  solution 
in  benzene. 

ether  and  dilute  hydrochloric  acid.  The  ether  layer  was  dried,  the  ether  removed,  and  the  residue  vacuum  distilled 
to  give  a  weakly  colored  oil  which  rapidly  solidified.  Treatment  with  n-heptane  and  prolonged  standing  (3-6  days) 
yielded  fine  crystals.  The  product  was  purified  by  re  crystallization  from  alcohol. 


Method  n  .  1  mole  of  benzoin,  3  moles  of  3 -na|^thylamine,  and  1.5  mole  of  zinc  chloride  were  boiled 
for  10  minutes  in  an  open  beaker. 

Method  in.  1  mole  of  a-halo  ketone  and  3  moles  of  monomethylaniline  were  heated.  The  preparation  of 

1,3-diphenylindole  required  a  mixture  of  1  mole  of  cu-bromoacetophenone,  3.5  moles  of  diphenylamine,  and 
5-6  drops  of  pyridine. 

The  indole  synfiieses  are  given  in  Table  1.  Table  2  gives  some  f^ysical  data. 


SUMMARY 

Mediods  reported  in  the  literature  for  preparing  phenyl  derivatives  of  Indole  by  Bishler's  method  were 
refined  and  l,2-di|^enylindole  was  isolated  in  a  pure  form. 

1,3-Dii^enyllndole,  which  has  not  been  described  until  now,  was  synthesized  and  die  absorption  spectra  of 
the  compounds  described  are  presented. 
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SYNTHESIS  OF  2 -[  DI  -  (  6 -CHLOROETHTL)-A  MINO] -4 -(  2 , 6 , 6 -TRIMETHTL 
CTCLOHEXENYL)- BUTANE 

A*  Ya*  Berlin  and  N.  G.  Chernova 

Institute  of  Experimental  Pathology  and  Cancer  Therapy, 

Academy  of  Medical  Sciences  USSR 


Among  effective  chemotherapeutic  agents  with  an  antitumor  action,  one  of  the  most  Important  positions 
Is  occupied  by  very  diverse  derivatives  of  bls-(0  -chloroethyl)-amlne.  The  most  valuable  substances  In  this 
respect  are  apparently  those  which  contain  residues  of  natural  amino  acids  [1]  and  heterocycles  [2]  . 

It  seemed  Interesting  to  us  to  study  bls-B  -chloroethylamlne  derivatives  of  substances  which  are  similar  in 
structure  to  groupings  found  in  the  vitamin  A  molecule  .  Some  compounds  of  this  type,  for  example,  B  -lonone  and 
cltral,  are  used  in  medicine  and  according  to  literature  reports  [3],  the  laner  has  an  appreciable  antitumor  action. 

In  the  present  work  we  describe  die  synthesis  of  2-[dl-(0-chloroethyl)-amlno]-4-(2,6,6-trlmethylcyclohexenyl)- 
butane  (IV),  which  Is  a  derivative  of  dlhydro-6 -ionylamine.  It  Is  interesting  that  dlhydro-B -lonylamlne  Itself  Is 
a  biologically  active  substance  as  It  has  a  considerable  spasmolytic  activity  [4]. 

Reductive  amlnatlon  of  d  -lonlne(I)  with  Raney  nickel  by  Haskelberg’s  method  [5]  gave  dlhydro-fl -ionylamine 
(11);  die  proof  of  its  structure  was  based  on  chemical  analogies  [4-6].  The  latter  condeased  smoothly  with 
ethylene  oxide  [7]  to  form  2-[dl-(B-hydroxyethyl)-amlno]-4-(2,6,6-trimethylcyclohexenyl)-butane  (HI). 

The  action  of  thionyl  chloride  on  (HI)  in  chloroform  solution  [8]  gave  die  hydrochloride  of  2-(dl-(6-chloroediyl)- 
amlno]-4-(2,6,6-trimethylcyclohexenyl)-butane  (IV)  In  66  %  yield  . 

Biological  Investigation  *  showed  that  the  hydrochloride  of  dihydro-0  -ionylamine  and  die  hydrochloride 
of  N,N-dl-(0  -chloroethyl)-dihydro-0  -Ionylamine  (IV)  had  no  antitumor  activity. 


HaC  CHa 

yO 

'V-CH=CHC^ 


Raney  Ni 


HaC  CHa 

V 

'N-GHaCHaCHNHa 


HaC  CHa 

X 


\x\ 


(I) 


CHa 


CHs 


(II) 


5CH2CHN<^ 


CHa 

(III) 


CHa 


HaC  CHa 

CH2CH2OH 
CH2CH2OH 


HCl 


CHaCHaCHN^^ 


GH2CH2CI 


\/\ 


CHs 


CH2CH2CI 


CHa 

(IV) 


*  Carried  out  in  our  Institute. 
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EXPERIMENTAL 

Plhydro"  6 ’"lonylamlne  (11).  15  g  of  0-ionone  with  b.p.  124-125.^  at  8.5  mm  and  1.5187  was 
dissolved  In  45  ml  of  96  %  edianol  saturated  with  ammonia.  The  substance  was  hydrogenated  In  the  presence  of 
6  g  of  Raney  nickel  at  50-55* .  The  mixture  was  shaken  for  27  hours.when  3.15  llten  of  hydrogen  was  absorbed. 

At  the  end  of  the  hydrogenation,  the  catalyst  was  removed  by  filtration  and  washed  wldi  alcohol.and  the  solvent 
distilled  from  the  combined  filtrates.  The  oily  residue  was  distilled  In  a  stream  of  nitrogen.  We  obtained  11.6  g 
(79,4  *5^)  of  a  clear,  slightly  yellowish  oil  with  b.p.  101.5-103.5*  (5  mm),  n^*^  1.4839  . 

After  reciystalllzatlon  from  a  mixture  of  benzene  and  llgroln,  the  hydrochloride  of  (11)  had  m.p.  215.5-216*. 
According  to  literature  data  [5],  the  m.p.  Is  21?  . 

2-rDl~(5  ■“hydroxyethyl)-amlno]-4-(2,6,6-trlmethylcyclohexenyl)-butane  (HI).  A  mixture  of  15  g  of  dlhydro-6  - 
lonylamlne  (11),  8.8  g  of  ethylene  oxide,  and  1  ml  of  water  were  left  for  44  hours  In  a  sealed  ampoule  at  room 
temperature.  After  removal  of  the  ethylene  oxide  and  water,  the  oily  residue  was  fractionally  distilled.  We 
obtained  18.3  g  (85.1  %)  of  a  sll^tly  yellowish.  Immobile  oil  with  b.p,  153-156*  (0.5  mm),  np**"®  1.4989  , 
d“  0.9951  . 

Found  ^  :  C  71.79;  H  11.73;  N  5.48;  Hgct.  ^•'^22.  CnHjsOjN  .  Calculated  %  ;  C  72.04,  H  11.73,  N  4.94; 

HacU  0.705  . 

Hydrochloride  of  2-[dl-(fl-chloroethyl)-amlno]-4-(2,6,6-trlmethylcyclohexenyl)-butane  (IV).  Into  a  four¬ 
necked  flask  with  a  stirrer,  a  reflux  condenser,  a  thermometer,  and  a  dropping  funnel  was  placed  3  g  of  N,N-di- 
0 -hydroxyethyldlhydro-6 -lonylamlne  (HI)  In  4  ml  of  chloroform;  the  solution  was  cooled  to  -10*  wltii  a  mixture 
of  ice  and  salt  and  dien  a  solution  of  2.64  g  of  thlonyl  chloride  In  3  ml  of  chloroform  was  added  to  It  dropwlse  over 
a  period  of  12  minutes.  At  the  beginning  of  the  addition,  die  reaction  mixture  heated  up  slightly  and  the  solution 
became  yellow.  After  addition  of  the  thionyl  chloride,  die  reaction  mixture  was  kept  at  room  temperature  for 
30  minutes  and  then  heated  for  2  hours  on  a  boiling  water  bath;  the  solution  then  became  brown.  Removal  of  the 
chloroform  and  dilonyl  chloride  in  vacuum  on  a  water  bath  yielded  3.7  g  of  a  crystalline  product.  Recrystallization 
from  12  ml  of  benzene  gave  2,5  g  (66.1%)  of  the  hydrochloride  of  N,N-di-(2-chloroediyl)-dlhydro-6 -lonylamlne 
as  fine,  colorless  crystals  with  m.p.  142-145*.  After  further  recrystalllzatlon  from  a  mixture  of  benzene  and 
llgroln,  die  substance  had  m.p.  150-15?. 

Found  %  :  C  57.27;  H  9.11;  N  3.99;  Cl  29.81 .  CnHsjNCla  .  Calculated  % ;  C  57.22;  H  9.04;  N  3.93; 

Cl  29.81. 


SUMMARY 


The  hydrochloride  of  2-[dl-(6-chloroethyl)-amlno]-4-(2,6,6-trimethylcyclohexenyl)-butane  was  synthesized 
from  0-lonone  through  dlhydro-0 -lonylamlne  and  2-[di-(0-hydroxyethyl)-amino]-4-(2,6,6-trimethylcyclohexenyl)- 
butane. 
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SYNTHESIS  OF  BENZPYRROLIZIDINES 

A.  N.  Kost,  L.  G.  Yudin,  Yu.  A.  Berlin  and  A.  P.  Terent'ev 
Moscow  State  University 


The  high  physiological  activity  of  pyrrolizidines  has  prompted  a  large  number  of  investigations  of  the  syndiesis 
of  substances  from  this  group.  However,  condensed  systems  of  the  benzpynolizidine  type  (I)  have  hardly  been  studied. 


Their  formation  apparently  involves  the  production  of  considerable  strain  as  was  confirmed  by  Jackson  and 
Kenner's  [  1]  unsuccessful  attempt  to  synthesize  the  carbocyclic  benzpyrrolizidine  analog  (II). 

The  same  authors  attempted  double  cyclization  of  anthranyldiacetic  acid  but  were  unable  to  isolate  the 
desired  diketobenzpyrrolizidine  (III). 


Preston  and  Tucker  [2]  synthesized  the  hydrazone  of  N-aminocarbazole  and  cyclohexanone, and  treatment  of 
this  with  hydrochloric  acid  formed  the  pentacyclic  compound  (IV);  however,  the  structure  of  the  latter  was  not 
proved. 


In  previous  work  [3]  we  showed  that  the  hydrazone  of  1-aminotetrahydroquinoline  readily  underwent  the 
Fischer  reaction  to  form  tri-  and  tetracyclic  lilolidine  structures. 

We  chose  the  following  route  for  the  preparation  of  benzpyrrolizidine  derivatives.  Reduction  of  substituted 
indoles  with  zinc  in  hydrochloric  acid  yielded  2-methyl-  and  2-phenylindolines  in  yields  of  70  and  60%,  respectively 
(these  syntheses  have  been  described  [4,  5]  but  the  yields  of  the  compounds  obtained  were  not  givei^.  The  action 
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of  sodium  nitrite  on  acid  solutions  of  the  indolines  gave  nitrosamines  in  yields  close  to  quantitative.  The  reaction 
was  carried  out  at  0*  to  prevent  oxidation  of  the  indoline  to  indole  and  also  migration  of  the  nltroso  group  to  position 
5.  The  latter  process  occurs  particularly  readily  under  the  action  of  hydrogen  chloride  [6]  and  therefore  sulfuric 
acid  was  used  as  solvent. 

Wenzing  [4]  described  the  preparation  of  1 -amino -2'methylindoline  by  reduction  of  the  nitrosamine  with 
zinc  and  acetic  acid  In  methanol  at  10—15*  (yield  not  given).  On  attempting  to  repeat  this  synthesis,  we  showed 
diat  the  yield  of  the  amino  derivative  did  not  exceed  10—15%  and  the  bulk  of  the  reaction  product  was  2-methyl- 
Indollne.  The  reaction  conditions  were  evidently  too  drastic  and  led  to  rupture  of  die  hydrazine  bond.  By  reducing 
the  temperature  to  -10*,  we  obtained  l-amlno-2-methyllndollne  in  80%  yield.  1-Amlnoindoline  (60%)  and  1- 
amlno-2-phenyllndollne  (70%)  vere  obtained  analogously. 


(  I  1 

H 


— R 


The  1-aminoindolines,  which  were  normal  arylalkylhydrazines,  reacted  with  carbonyl  compounds  to  form 
hydrazones,  which  underwent  the  Fischer  rearrrangement  with  the  elimination  of  ammonia  under  the  action  of  acid 
reagents  (for  example,  sulfuric  acid). 


(X)  R,=  Rj=CH3,  R=C8H5. 

(fl)  R-CeHs,  Rt-CHj,  R,=  n-CjH,. 

(XII)  R=H  ,  (jsn)  R=CH,  ,(XIV)  R^CjHj  . 


In  analogy  with  benzpyrrocolines  and  benzquinolizines,  we  called  the  compounds  of  the  indole  series  obtained 
(V— XI),  benzpynolizines;  analogom  compounds  (XII— XIV),  synthesized  from  appropriate  aminoindolines  and  cyclo 
hexanone,  were  called  pyrrocarb azoles.  We  numbered  the  atoms  in  accordance  with  systematic  rules  [7]. 

Thus,  a  series  of  trl-  and  tetracyclic  compounds  of  previously  unknown  type  were  synthesized.  There  is 
actually  in  the  literature  a  report  [8]  of  a  synthesis  of  this  type  and  the  authors  stated  that  by  reduction  of  a  mix¬ 
ture  of  N-nitrosoindoline  and  cyclc^exanone  with  zinc  in  acetic  acid  they  were  able  to  obtain  compound  (XII)  and 
reported  m.p.  154*  for  it.  However,  this  compound  which  we  obtained  from  1-amInoindolIne  has  m.p.  169.5— 
170*.  If  we  assume  that  the  authors  of  the  work  cited  carried  out  a  Fischer  condensation  without  isolating  the  N- 
amtnolndoline,  then  there  are  grounds  for  considering  that  they  were  dealing  with  another  reaction  product  or  a 
complex  mixture. 

The  structure  of  the  compounds  we  synthesized  was  confirmed  by  study  of  the  ultraviolet  spectra.  Comparison 
of  their  absrxrptlon  spectra  with  those  of  1,2-dlmethylindole  and  lilolidines  [3],  which  have  a  characteristic  absorp¬ 
tion  maximum  In  the  region  of  290  mp,  indicated  that  the  benzpyrrollzidines  have  a  similar  structure. 

The  hydrazones  we  obtained  were  converted  into  indoles  quite  smr)othly  if  readily  enolizable  aliphatic  and 
allcyclic  ketones  were  used  as  the  carbonyl  compound.  In  these  cases  the  indole  yield  reached  76%  after  the 
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hydrazone  had  been  boiled  with  dilute  sulfuric  acid  for  even  half  an  hour.  A  different  picture  was  observed  for 
hydrazones  of  aliphatic -aromatic  ketones  and  aldehydes.  Hie  hydrazones  obtained  by  reaction  of  l-amlno-2- 
methyllndollne  with  acetophenone  and  proplophenone,  and  also  with  proplonaldehyde,  butyraldehyde,  Isovaler- 
aldehyde,  and  phenylacetaldehyde  were  not  converted  Into  benzpynollzlnes  when  boiled  with  dilute  sulfuric  acid. 

The  extreme  stability  of  the  hydrazones  of  the  aldehydes  Is  Interesting, for  they  were  recovered  completely  (with 
tiie  exception  of  the  hydrazone  of  phenylacetaldehyde, of  which  only  half  was  recovered).  An  attempt  to  prepare 
benzpyrrollzldlnes  from  the  hydrazones  of  aldehydes  under  more  drastic  conditions  (zinc  chloride  as  catalyst  at 
180—  200*)  was  also  unsuccessful.  Distillation  of  the  reaction  products  gave  2-methylindole,  2-methyllndollne, 
the  corresponding  hydrazone,  and  also  a  small  amount  of  a  hlg^-bolllng  fraction  which  we  were  unable  to  Identify. 

As  condensing  agents  we  also  used  an  alcohol  solution  of  hydrogen  chlcrlde,  boron  trlfluorlde,  polyphosphor Ic  acid, 
etc.  The  results  showing  the  relative  ease  of  cycllzatlon  of  different  hydrazones  agree  with  modern  opinions  on  the 
structure  and  reactivity  of  hydrazones  [9],  according  to  which  aryl-  and  arylalkylhydrazones  of  aliphatic  and  all- 
cyclic  ketones  exist  In  an  enehydrazlne  form,  while  hydrazones  of  aldehydes  and  aliphatic -aromatic  ketones  exist 
In  the  true  hydrazone  form  with  the  activation  energy  of  the  bonds  of  the  latter  considerably  higher  than  In  the 

EXPERIMENTAL  • 

1  -N Itrosolndollne.  18.5  g  of  Indollne  (b.p.  100— 101*  at  12  mm, 
obtained  by  catalytic  hydrogenation  of  Indole)  was  dissolved  in  125  ml 
of  sulfuric  acid  (1 :  4)  and  an  aqueous  solution  of  11.2  g  of  sodium 
nitrite  added  at  from  -2  to  0*  with  stirring.  The  nltrosamine  precipi¬ 
tate  was  carefully  washed  with  water  on  a  filter  until  the  filtrate  gave 
a  negative  reaction  for  nitrite  Ion.  We  isolated  22.6  g  of  1-nltroso- 
Indollne  as  a  li^t-yellow,  finely  crystalline  powder  with  m.p.  83". 

The  yield  was  quantitative.  Literature  data  [10]:  m.p.  83— S-f . 

l-Nltroso-2-methyllndollne  was  obtained  analogously  In  quanti¬ 
tative  yield.  The  m.p.  was  54— 55".  Literature  data  [ 6]:  m.p.  54— 

55". 

l-Nitroso-2-phenyllndollne.  This  compound  was  obtained  analog¬ 
ously  as  a  thick  oil  which  crystallized  when  washed  widi  a  small  amount 
of  alcohol.  The  m.p.  was  99.5—  100.5"  (from  ligroln  with  b.p.  60— 
90");  the  yield  was  97®/o. 

Found  <70:  N  12.33,  12.44.  C^HuONi.  Calculated  N  12.49. 

1  -A  mlnolndollne.  A  solution  of  17.4  g  of  1-nitrosolndollne  In 
200  ml  of  mediyl  alcohol  was  stirred  vigorously  and  kept  at  from  *12 
to  -7"  (external  cooling  with  snow  and  salt)  while  105  ml  of  acetic 
acid  and  60  g  of  zinc  dust  were  added  In  small  portions  over  a  period 
of  4  hours.  When  half  die  zinc  and  acid  had  been  added,  the  reaction 
mixture  became  thick^due  to  the  liberation  of  zinc  acetate;  the  mix¬ 
ture  was  diluted  with  30  ml  of  water  and  stirring  continued  at  room 
temperature  for  a  further  3  hours.  The  unreacted  zinc  was  rapidly 
carbazole,  4)  6-methyl-5-phenyl-  removed  by  filtration,  the  methyl  alcdiol  removed  in  vacuum,  and 

7,8,9-H-benz(gh)pyrrolizlne.  the  residue  made  strongly  alkaline  with  401/0  sodium  hydroxide  solu¬ 

tion  while  cooled  with  water,  and  extracted  with  ether.  The  alkali- 
dried  ether  extracts  were  fractionated  In  vacuum.  We  isolated  9.4  g  (60*^o)  of  1-amlnoindollne. 

B.p.  110-112"  (12  mm),  ng  L5922,  dl"  1.0845,  MR^  41.88;  calc.  41.70. 

The  substance  crystallized  on  prolonged  cooling  and  gave  colorless  needles  with  m.p.  5—6". 

The  hydrochloride  had  m.p.  201—203"  (decomp.)  (from  alcohol). 

Founder  0  56.55,  56.71;  11  6.02,6.03.  CjHuNjCl.  Calculated  <7o:  0  56.30;  H  6,50. 


case  of  the  enehydrazlne  form. 


200  250  300  350 
A  mji 


Ultraviolet  absorption  spectra. 

1)  1,2-Dimethylindole,  2) 
1,2,3,4,6,7,8,9-octahydropyrIdo- 
(l,m-l,2,3)-carbazole,  3)  1,2,3, 
4, 6,7,8 -H-pyrro-(l,m -1,2,3)- 


*  For  preliminary  communication  by  authors,  see  [11]. 
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l-Amtno-2-methyllndoHne.  A  similar  reduction  of  32.4  g  of  the  nitrosamlne  gave  22.4  g  of  l-amlno-2- 
methyllndollne  (80*7o  yield).  The  m.p.  was  41*.  Literature  data  [4];  m.p.  41*. 

The  picrate  had  m.p.  160—161“  (decomp.)  (from  alcohol). 

l-Amino-2~phenylindoline.  18  g  of  l-nltroso-2-phenylindollne  in  300  ml  of  methyl  alcohol  was  reduced 
with  38  g  of  zinc  dust  and  70  ml  of  acetic  acid  at  a  temperature  of  from  -12  to  -7*  over  a  period  of  6.5  hours. 

The  methyl  alcohol  was  removed  and  the  reaction  mixture  made  alkaline  and  extracted  with  ether.  Removal  of 
the  ether  gave  10.3  g  (64*70)  of  l-amino-2-phenyllndoline.  The  m.p.  was  95.5—  97*  (from  alcohol).  A  mixture 
with  l-nltroso-2-phenyllndollne  melted  at  65*. 

Found  *70:  N  12.84,  12.99.  Ci4Hi4N2.  Calculated  <7o;  N  13.30. 

The  hydrochloride  had  m.p.  193—194*  (from  alcohol). 

1.2.3.4.6.7.8- H-Pyrro-(l,m-l,2,3)“carbazole  (XII).  A  mixture  of  1.34  g  of  1-aminoindoline  and  0.98  g  of 
cyclohexanone  was  heated  for  30  minutes  on  a  boiling-water  bath.  To  the  hydrazone  obtained  was  rapidly  added 
10  ml  of  20*7o  sulfuric  acid  (both  substances  were  first  heated  to -100*).  A  voluminous  precipitate  formed  after  a 
few  seconds.  The  mixture  was  heated  on  the  boiling  water  bath  for  a  further  20  minutes  and  cooled  to  room  tempera 
ture  and  the  precipitate  collected  and  carefully  washed  on  a  filter  with  water  to  remove  the  1-aminoindoline  sulfate 
formed.  We  isolated  1.15  g  (60*70)  of  a  substance  with  m.p.  169.5—170*  (from  alcohol). 

Found*7o:  C  85.00,  85.00;  H  8.08,  7.85;  N  6.90,  7.00.  CigH^N.  Calculated  *7):  C  85.23;  H  7.66;  N  7.10. 

Xmax  234,  292  mp,  Ig  €  4.40,  3.86  (in  methanol). 

7-Methyl-l,2,3,4,6,7,8H-pyrro(l,m-l,2,3)-carbazole  (XIII).  By  a  similar  procedure,  from  2.9  g  of  l-amino- 
2-methylindoline  and  1.9  g  of  cyclohexanone  we  obtained  3  g  (70*7o)  of  (Xni)  with  m.p.  87—87.5*  (from  alcohol). 

Found  7o:  C  84.83,  84.92;  H  8.30,  8.18;  N  6.70,  6.90.  CjsHnN.  Calculated  *7o:  C  85.26;  H  8.11;  N  6.63. 

Xmax  mp,  Ig  €  4.50,  3.92  (in  methanol). 

The  picrate  had  m.p.  137—137.5*  (decomp.)  (from  alcohol). 

Found  *7o;  C  57.32,  57.52;  H  4.82,  4.74.  C21H20O7N4.  Calculated  *7);  C  57.27;  H  4.58. 

7-Phenyl-l,2,3,4,6,7,8H-pyrro(l,m-l,2,3)carbazole  (XIV).  The  Interaction  of  LO  g  of  l-amino-2-phenyl- 
Indoline  and  0.47  g  of  cyclohexanone  yielded  1  g  (76*7o)  of  (XIV)  with  m.p.  109.5— 110*  (from  alcohol). 

Found  *7o;  C  87.93,  88.01;  H  7.03,  7.06;  N  5.18,  5.19.  C20H19N.  Calculated  *7*  C  87.87;  H  7.01;  N  5.13. 

Xmax  ^8  ^  4.51,  3.89  (in  methanol). 

6-Methyl-5-n-propyl-7,8,9H-benz(gh)pyrrolizine  (V).  The  hydrazone  obtained  by  heating  a  mixture  of  1.025 
g  of  1-aminoindoline  and  0.75  g  of  methyl  butyl  ketone  on  a  boiling-water  bath  far  3  hours, and  then  removing  the 
excess  ketone  in  vacuum,  was  treated  in  the  usual  way  (heating  with  10  ml  of  20*7>  sulfuric  acid  for  40  minutes)  to 
yield  0.60  g  (40*7))  of  a  substance  with  m.p.  96—97*  (from  alcohol). 

Found  *7-:  C  84.34,  84.43;  H  8.74,  8.75;  N  6.99,  7.14.  C14H17N.  Calculated  *7):  C  84.37;  H  8.60;  N  7.03. 

Xmax  234,  294  mp,  lg€  4.55,  3.84  (in  methanol). 

6-Methyl-5-phenyl-7,8,9H-benz(g,h)pyrrolizine  (VI).  The  usual  treatment  of  the  hydrazone  obtained  by 
heating  a  mixture  of  0.67  g  of  1-aminoIndolIne  and  0.67  g  of  phenylacetone  yielded  0.75  g  (65*7))  of  a  benzpyrrol- 
Izine  with  m.p.  145— 146*  (from  alcohol). 

Found  *7):  C  87.41,  87.52;  H  6.40,  6.50;  N  6.07,  6.27.  Cj^H^N.  Calculated  *7):  C  87.51;  H  6.48;  N  6.00. 

Xmax  232,  293  m  p,  log  c  4.64,  4.31  (in  methanol). 

5.6.8- Trimethyl-7,8,9H-benz(g,h)pyrrolizine  (VII). Similarly,  from  2.96  g  of  l-amIno-2-methyiIndoline  and 
1.44  g  of  methyl  ethyl  ketone  we  obtained  1.6  g  (43*7))  of  (VII)  with  m.p.  51—51.5*  (from  alcohol). 
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Found ‘7o;  C  83.67,  8a 79;  H  8.11,  8.17;  N  7.63,  7.72.  CuH^N.  Calculated ‘!7o:  C  84.26;  H  8.16;  N  7.56. 

^max  ^8*  4.42,  3.87  (in  methanol). 

5.8- Dtmethyl-6-ethyl~7,8-9H-benz(g,h)pyrrollzlne  (VIII).  From  2.96  g  of  l-amlno-2-methyllndollne  and 
1.72  g  of  diethyl  ketone  we  obtained  1.3  g  (32*70)  of  (Vin)  with  m.p.  28.5—29*  (from  alcohol). 

Found ‘7>;  C  8a93,  83.95;  H  8.67,  8.71;  N  7.20,  7.42.  Calculated®^;  C  84.38;  H  8.60;  N  7.03. 

Xmax  ^  4.44,  a89  (in  methanol). 

6.8- Dlmethyl“5-phenyl“7,8,9H“benz(gh)pynollzlne  (K ).  Reaction  of  1.42  g  of  l-amlno-2-methylindollne 
and  1.34  g  of  phenylacetone  in  the  usual  way  gave  1.3  g  (53*^)  of  (DC)  with  m.p.  79—80*  (from  alcohol). 

Found  *7>;  C  87.05,  87.25;  H  6.92,  7.03;  N  5.46,  5.51.  CaH„N.  Calculated ‘Tn  C  87.41;  H  6.93;  N  5.66. 

Xmax  Ig  ^  4.  .52,  4.24  (in  methanol). 

5,6"Dlmethyl-8-phenyl-7,8,9H~benz(gh)pyrrollzlne  (X).  Similarly,  0.7  g  of  l-amlno-2-phenyllndoline  and 
0.5  g  of  methyl  ethyl  ketone  yielded  0.55  g  (69®/o)  of  (X)  with  m.p.  116—117*  (from  alcohol). 

Found  <7>:  C  87.17,  87.32;  H  7.09,  7.01,  C^HnN.  Calculated C  87.41;  H  6.9a 

Xmax  Ig  <  4.46,  3.94  (In  methanol). 

6«Methyl-5-n-propyl"8-phenyl-7,8,9H-benz(gh)pyrrollzlne  (XI).  By  the  usual  method,  from  0.7  g  of  1-amlno 
2-phenyllndollne  and  0.33  g  of  methyl  butyl  ketone  we  obtained  0.6  g  (66%)  of  (XI)  with  m.p.  87*  (from  alcohol). 

Founder  N  5.07,  5.08.  CjqHjiN.  Calculated®^  N  5.09. 

^max  293  mp,  Ig  «  4.57,  3.91  (in  methanol). 

SUMMARY 

1.  Procedures  were  developed  for  preparing  substituted  N<*amtnolndolines  In  yields  of  60— 80®|b  . 

2,  A  method  was  proposed  for  synthesizing  trl-  and  tetracyclic  compounds  of  the  benzpyrrollzlne  series. 
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INVESTIGATION  OF  THE  MECHANISM  OF  HYDROCARBON  OXIDATION 
BY  CHROMYL  CHLORIDE 

L.  V.  Sulima  and  I.  P.  Gragerov 

Institute  of  Physical  Chemistry.Academy  of  Sciences  Ukrainian  SSR 


It  Is  possible  to  obtain  substituted  benzaldehydes  from  toluene  and  its  derivatives,  quinones  from  aromatic 
hydrocarbons,  and  glycol  chlorohydrins  from  olefins  by  oxidation  with  chromyl  chloride.  In  addition  to  these  con¬ 
versions,  which  have  preparative  value,  reactions  with  paraffins,  glycols,  and  terpenes,  which  are  more  complex 
and  give  oxidation,  chlorination,  and  isomerization  products,  are  interesting  [1].  The  reaction  examined,  which 
was  first  studied  by  Etard  [2],  normally  proceeds  in  two  stages:  chromyl  chloride  forms  a  complex  with  the  substrate 
and  in  most  cases  this  has  a  definite  composition  and  forms  a  precipitate,  which  reacts  with  water  to  form  oxida¬ 
tion  products  and  a  mixture  of  chromium  compounds.  The  oxidation  is  almost  always  accompanied  by  chlorina¬ 
tion  and  in  some  cases  the  complex  gives  the  starting  organic  substances  when  treated  with  water. 

The  mechanism  of  the  Etard  reaction,  which  Is  of  particular  interest  due  to  Its  connection  with  the  mechanism 
of  oxidation  by  other  chromium  compounds,  has  not  been  elucidated.  In  particular,  the  structure  of  the  Etard 
complexes  and  how  they  react  with  water  are  not  known.  In  order  to  solve  these  problems,  in  the  present  work 
complexes  of  chromyl  chloride  with  cyclohexene,  benzene,  triphenylmethane,  and  toluene  were  decomposed  with 
heavy**oxygen-labeled  water.  It  was  found  that  the  chlorocyclohexanol  and  quinone  produced  contained  oxygen 
only  from  the  oxidant  but  70— 80®7o  of  the  oxygen  in  the  triphenylcarbinol  came  from  the  water  and  20  — 30®/o  of 
the  oxygen  from  the  oxidant.  The  latter  result  was  confirmed  by  hydrolysis  of  the  triphenylmethane  complex  with 
CrC^tlj  by  ordinary  water.  The  same  70—80*70  of  oxygen  from  the  water  was  found  when  the  triphenylmethane 
complex,  which  had  lost  part  of  the  chlorine  as  a  result  of  preliminary  heating,  was  hydrolyzed  with  heavy-oxygen- 
labeled  water,  H2O®.  The  route  by  which  oxygen  is  transferred  in  the  oxidation  of  toluene  could  not  be  determined, 
due  to  the  rapid  exchange  of  oxygen  of  water  with  the  benzaldehyde  formed.  This  exchange  was  confirmed  by 
special  experiments. 

In  addition  to  experiments  with  H2O®,  a  study  was  made  of  the  decomposition  by  heavy-hydrogen-labeled 
water,  D2O,  of  the  compound  of  chromyl  chloride  with  o-nitrotoluene,  which  is  an  example  of  a  complex  regenerating 
the  starting  organic  compound.  In  this  experiment  it  was  found  that  deuterium  was  not  Incorporated  Into  the  o- 
nitrotoluene  formed.  Finally,  it  was  shown  that  complexes  of  chromyl  chloride  with  triphenylmethane  and  o-nitro- 
toulene  also  regenerate  the  original  organic  substances  when  treated  with  ether. 


I  * 

r,ii\  0 

GH2/  \o_Crf  ; 

\ci 


HO\  /OH 

Cl-;Cr— o— <f  \_0— Cr^Cl  ; 

Cl/  \ - /  \ci 


/  /01I\  /OH  (1) 

CoM.^CH  -O-C/  Cl  :  (Cgil  ).,G-0-Crf  Cl  . 

\  ^C1  1 2  \ci 
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Our  results  agree  with  the  ester -type  structure  of  Etard  complexes  proposed  by  Etard  himself  only  on  the 
basis  of  analysis  results  and  by  Cristol  and  Eilar  [3]  for  compounds  with  olefins*. 

If  such  a  structure  is  assumed,  then  the  action  of  water  consists  of  hydrolysis  of  the  ester-like  compounds. 
The  direction  of  this  reaction  may  be  predicted  on  the  basis  of  the  data  of  Dostrovsky  et  al.  [5],  which  showed 
that  in  the  hydrolysis  of  esters  of  inorganic  acids,  the  alkyl— oxygen  bond  was  never  broken  if  the  element  X  was 
in  the  maximum  valence  state. 


r4-o— x  +  h-Lqish 


r_018H  +  X— OH 


Since  chromium  is  tetravalent  in  compounds  of  type  (1),  it  is  to  be  expected  that  these  compounds  will  be  hydrolyzed 
by  the  other  route,  namely,  with  breakage  of  the  acyl— oxygen  bond,  and  that  the  oxygen  from  the  oxidant  and  not 
from  the  water  will  be  incorporated  into  the  oxidized  organic  product. 

R-O-j-X  +  H-|oi8H  — >  R— OH  +  X— 018H  ^2) 

We  obtained  precisely  this  result  on  decomposing  complexes  of  benzene  •  •  and  cyclohexene  by  the  action  of 
HjO*  and  we  consider  that  it  confirms  the  structure  of  complexes  of  type  (1).  The  different  result  in  experiments 
with  triphenylm ethane  we  explain  (see  above)  by  the  fact  that  in  this  case,  and  similarly  for  many  o-substituted 
toluenes,  the  oxidation  in  the  Etard  reaction  is  accompanied  by  considerable  chlorination  (which  sometimes  Involves 
sterlc  hindrance  [  l])and  the  H20“  hydrolyzes  both  the  triphenylmethyl  chlOTide  produced,  giving  carbinol  contain¬ 
ing  and  also  a  compound  of  type  (1),  giving  normal  carbinol. 

The  formation  of  chloro  derivatives  in  the  Etard  reaction  is  apparently  connected  with  the  fact  that  in  addi¬ 
tion  to  hydrolysis,  the  action  of  water  on  complexes  with  chromyl  chloride  always  produces  (to  a  greater  or  lesser 
extent)  homolytic  decomposition.  This  hypothesis  is  supported  by  the  oxidation  of  glycols  by  chromyl  chloride 
[6]  and  certain  oxidation  reactions  of  chromic  acid  [7]  and  also  by  the  regeneration  of  triphenylmethane  and  o- 
nitrotoluene  we  observed  when  their  chromyl  chloride  complexes  were  treated  with  dry  ether,  which  is  difficult  to 
explain  by  any  nonradical  process. 

As  regards  the  Etard  complexes  which  regenerate  the  starting  organic  substances  when  treated  with  water,  our 
experiments  with  DjO  showed  that  this  complex  of  o-nltrotoluene  cannot  have  structure  (1)  as  the  o-nitrotoluene 
formed  from  it  did  not  contain  deuterium.  For  the  same  reason,  the  complex  cannot  have  structure  (3),  proposed 
by  Slack  and  Waters  [8]  *  •  *. 


o-OaN— CeH4CH 


OH 

O 

Cl 

Cl 


2 


(3) 


•  The  latter  authors  conclusively  disproved  the  formulas  of  Sword  [4]  of  the  form: 


R— CH- 

I 

O 

I 


-CH— R' 


R— CH— CH— R' 


and 


ClaCr— O— O— CrCla 


ciy 


Scr- 


I  ^0 

O— Cr<f 
^Cl2 


•  •The  hydroquinone  formed  from  the  benzene  was  converted  into  quinone  by  the  elimination  of  hydrogen  and  the 
quinone  was  analyzed  for  O®  content. 

•  •  ‘Slack  and  Waters  considered  that  compounds  of  this  type,  which  are  stable  for  o-nitrotoluene,  are  also  formed 
in  other  cases  of  the  Etard  reaction  and  in  oxidation  with  CrOa,  but  are  usually  unstable  and  rearrange  rapidly  into 
substances  of  type  (1).  Formulas  of  type  (3)  were  previously  proposed  [8]  for  Etard  complexes  and  rejected  on  the 
grounds  that  the  complexes  differ  sharply  from  organochromium  compounds. 
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Thus,  the  problem  of  the  structure  of  complexes  of  the  type  considered  remains  unsolved  and  it  can  only  be 
assumed  that  they  have  a  structure  differing  from  that  of  normal  Etatd  complexes. 

We  should  note  that  Hartford  and  Darrin  [1]  recently  proposed  that  chromyl  chloride  in  complexes  is  bound 
to  the  cxganic  molecule  by  hydrogen  bonds,  for  example: 


0 


H... 

I 

CeHsCH 

I 

H  • 


0=Cr^ 


^Cla 

0 


and  attempted  to  explain  all  the  facts  on  the  Etard  reaction  from  this  point  of  view.  These  hypotheses  explain  why 
deuterium  is  not  incorporated  in  the  regenerated  o-nitrotoluene  when  the  complex  of  o-nitrotoluene  with  Cr02Cl2 
is  decomposed  by  D^O.  However,  in  our  opinion  they  are  unacceptable, as  the  energy  of  a  hydrogen  bond  of  the 
type  CH*  •  •  Ois  very  small  even  in  the  most  favorable  cases, and  the  formation  of  Etard  complexes  is  accompanied 
by  considerable  heat  evolution.  In  addition,  hydrogen  bonds  are  known  to  be  more  stable  the  greater  the  tendency 
of  the  hydrogen  to  ionize,  and  it  would  be  expected  that  complexes  with  nitrotoluenes,and  especially  with  dinitro- 
toluenes  and  chloroform  would  form  particularly  readily,  which  does  not  correspond  to  experiment  either.  The 
aspects  examined  only  formally  describe  the  reaction  and  essentially  give  no  information  on  its  mechanism. 

EXPERIMENTAL 

Reagents.  The  chromyl  chloride  was  prepared  by  the  action  of  a  mixture  of  hydrochloric  and  sulfuric  acids 
on  chromic  anhydride  [9]  and  after  distillation  it  had  b.p.  115—116*.  (750  mm).  CrO^'aj  was  obtained  by  the 
same  method  but  with  H2O®  used  as  a  solvent  for  the  Cr03  and  hydrogen  chloride.  Benzene,  toluene,  cyclohexene, 
o-nitrotoluene,  ether,  carbon  tetrachloride,  ligroin,  and  chloroform  were  carefully  dried  and  distilled.  Triphenyl- 
methane  was  recrystallized  from  CCI4  and  had  m.p.  92*.  Heavy-oxygen- labeled  water  contained  about  1.2  at 
excess  O®  and  the  heavy-hydrogen  labeled  water,  20%  of  D. 

Oxidation  of  toluene.  The  complex  of  toluene  and  chromyl  chloride  was  prepared  according  to  Etard’ s 
method  by  the  slow  addition  of  a  10%  solution  of  0.4  mole  of  Cr02Cl2  in  chloroform  to  a  heated  10%  solution  of 
0.2  mole  of  toluene  In  the  same  solvent.  The  precipitate  was  wa^ed  with  CCI4,  the  remainder  of  which  was  re¬ 
moved  In  vacuum.  The  complex  was  hydrolyzed  by  different  methods.  In  the  first  series  of  experiments  it  was 
hydrolyzed  by  water  at  20*  and  at  0*,  or  by  3%  CHiiCOONa  at  0*;  in  the  second  series  it  was  hydrolyzed  by  con¬ 
centrated  solutions  of  NaCl  or  CaCl2,  cooled  to  partial  freezing.  In  the  first  series  of  experiments  7  g  of  complex 
was  Introduced  In  small  portions  Into  10  g  of  H20“  and  the  benzaldehyde  was  extracted  with  ether  and  then  dis¬ 
tilled  after  removal  of  the  solvent.  It  had  b.p.  70  —72*  (30  mm),  n^  1.545—1.549;  the  yield  was  1  g.  In  the 
second  series  of  experiments,  to  a  mixture  of  2—3  g  of  complex  and  10  ml  of  CCI4  (or  9  ml  of  CCI4+  1.5  ml  of 
ligroin  in  experiments  with  CaCl2)  in  a  separating  funnel  frozen  with  liquid  air  was  added  a  partially  frozen  solu¬ 
tion  of  8.25  g  of  NaCl  in  25  ml  of  H2O®  (at  a  temperature  of  -21*)  or  22  g  of  CaCl2*6H20  in  16  ml  of  H20“  (at 
about  -40*).  The  reaction  occurred  with  shaking  for  a  few  minutes  at  a  temperature  between  -20  and  -10*  In 
experiments  with  NaCl  and  at  a  temperature  between  -40  and  -20*  with  CaCl2.  The  organic  layer  was  then  separated 
at  0*,  the  solvent  rapidly  removed  In  vacuum  at  the  same  temperature,  and  the  aldehyde  distilled.  It  had  n^® 
1.547-1.548;  the  yield  was  0. 3-0. 5  g. 

The  benzaldehyde  from  experiments  of  both  series  contained  0.6— 0.9%  excess  0“.  Since  this  result  could 
have  depended  on  isotope  exchange  of  the  aldehyde  with  H2O® ,  we  studied  this  exchange  at  temperatures  and 
acidities  close  to  those  of  our  experiments:  a  mixture  of  0. 8  g  of  benzaldehyde  and  10  ml  of  CCI4  was  frozen  in 
a  separating  fimnel;  to  it  was  added  a  partially  frozen  solution  of  8.25  g  of  NaCl  in  25  ml  of  0.3  N  HCl,  prepared 
from  H20“;  after  being  shaken  for  3  minutes  at  a  temperature  between  -20  and  -10*,  the  aldehyde  was  isolated 
as  described  above  for  experiments  with  NaCl  solutions.  This  aldehyde  contained  0.6%  excess  o“.  Thus,  isotopic 
exchange  was  so  considerable  that  it  was  impossible  to  determine  the  source  of  the  oxygen  in  the  oxidation  of 
toluene  to  benzaldehyde. 

Oxidation  of  cyclohexene.  A  mixture  of  32.0  g  of  chromyl  chloride  in  32  ml  of  CCI4  was  added  dropwise 
with  stirring  to  a  solution  of  16.2  g  of  cylcohexene  in  40  ml  of  CCI4  at  0—5*  [3].  The  precipitate  of  complex 
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was  washed  with  CCI4  and  the  solvent  removed  from  the  precipitate  in  vacuum.  30  g  of  complex  was  Introduced 
In  small  portions  into  a  solution  of  10  g  of  sodium  pyrosulfite  in  80  ml  of  H2O®,  cooled  to  (T.  After  separation 
of  the  organic  layer,  the  aqueous  layer  was  extracted  twice  with  ether,  the  combined  extracts  dried  with  NajSO^, 
the  solvent  removed,  and  the  residue  distilled.  The  fraction  distilling  at  90—105“  (24  mm)  was  redistilled  to  give 
chlOTOcyclohexanol  with  b.p.  92—95*  (24  mm),  n^  1.4906;  df®  1.3355.  This  substance  did  not  contain  excess 
o“.  Consequently,  its  oxygen  was  derived  from  the  oxidant. 

Oxidation  of  benzene.  To  25  ml  of  benzene  was  added  5. 9  g  of  chromyl  chloride  in  five  portions  over  a 
period  of  3  hours  in  the  cold.  After  a  day  the  precipitate  of  complex  was  collected  and  washed  with  benzene, 
the  excess  of  which  was  removed  in  vacuum  [2].  The  yield  was  2. 3  g.  A  suspension  of  0.8  g  of  complex  in  5  ml 
of  chloroform  was  frozen  in  a  separating  funnel,  and  to  it  was  added  a  partially-frozen  solution  of  3.3  g  of  NaCl  in 
10  ml  of  H20“.  The  contents  of  the  funnel  were  shaken  and  the  reaction  was  complete  in  3  minutes  while  the 
temperature  rose  from  -21  to  -2*.  The  chloroform  layer  was  separated,  the  solvent  removed  in  vacuum,  and  the 
quinone  sublimed.  Its  m.p.  was  115—116*;  the  yield  was  about  0.1  g.  The  quinone  contained  0.15*70  excess  O®. 
A  control  experiment  showed  that  when  a  chloroform  solution  of  quinone  was  shaken  with  H2O®  at  a  similar 
temperature  and  acidity,  the  quinone  acquired  about  0. 1*70  excess  O®.  Hence  it  follows  that  the  excess  O®  in  the 
quinone  obtained  by  oxidation  of  benzene  was  caused  by  isotopic  exchange  with  the  water  and  that  the  oxygen  in 
the  quinone  was  derived  from  the  oxidant  and  not  the  water. 

Oxidation  of  triphenylmethane.  A  20*70  solution  of  Cr0^l2  in  CCl44n  an  amount  corresponding  to  1.5  mole 
of  oxidant  to  1  mole  of  hydrocarbon, was  added  slowly  with  stirring  to  a  10*70  solution  of  triphenylmethane  in  CCI4 
at  a  temperature  of  not  more  than  20*.  The  complex  was  collected  after  12  hours,  washed  with  CCI4,  and  the 
residual  solvent  removed  in  vacuum  [10].  The  complex  was  decomposed  by  introducing  it  in  small  portions, with 
stirring,  into  a  dilute  solution  of  NaOH  in  H2O®  •.  The  precipitate  of  triphenylcarbinol  and  chromium  hydroxide 
was  dried  in  a  vacuum  over  P2O5  and  the  carbinol  extracted  with  boiling  CCI4  and  purified  by  recrystallization 
from  the  same  solvent.  Its  m.p.  was  162*  and  the  yield  about  90*70.  The  table  gives  the  conditions  and  results 
of  typical  experiments. 

Decomposition  of  Etard  Complexes  of  Triphenylmethane  with 


Amount  of  substance  (in  g) 

Excess  0^*  content  (in  *7o) 

Amount  of 
oxygen  passin 
into  the  car¬ 
binol  from  th 
water  (in*7o) 

complex 

H,0«» 

NaOH 

in  alkali 
solution 

(CeHglaOH 

obtained 

6.5 

30 

3.0 

1.07 

0.85 

79 

6.1 

30 

3.0 

1.09 

0.88 

81 

7.0 

30 

3.0 

1.05 

0.86 

82 

7.4 

30 

3.0 

1.12 

0.81 

72 

7.3 

30 

3.0 

1.23 

0.96 

79 

7.0 

30 

3.0 

1.03 

0.75 

73 

1.5.0 

50 

7.0 

1.09 

0.87 

80 

2.9* 

30 

— 

— 

0.08 

88 

•  In  this  experiment  the  Cr02Cl2  Incorporated  in  the  complex  contained 
0,7*7»  excess  and  normal  water  was  used  for  the  hydrolysis. 


In  a  separate  experiment,  8  g  of  complex  was  heated  for  1  hour  at  80*.  The  substance,  which  lost  part  of 
Its  chlorine  as  HCl,  was  decomposed  with  H2O®  as  described  above.  In  this  case  about  80*7o  of  the  oxygen  in  the 
triphenylcarbinol  formed  was  derived  from  the  water. 

Then  11.2  g  of  complex  was  decomposed  not  with  water  but  with  absolute  ether  (50  ml).  The  ether  was 
then  removed  in  vacuum  and  the  dry  residue  extracted  with  benzene.  After  removal  of  the  benzene  In  vacuum, 
the  residue  was  recrystallized  from  a  mixture  of  benzene  and  ligroin  (1:1)  and  then  twice  from  CCI4.  This  gave  0,1 

•  The  alkali  was  necessary  to  suppress  isotopic  exchange  of  the  triphenylcarbinol  with  water  [5].  We  established 
that  this  exchange  occurs  even  at  room  temperature  in  acid  solutions. 
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g  of  triphenylcarblnol  with  m.p,  159—160*.  Evaporation  of  the  combined  mother  liquors  yielded  6  g  of  impure 
triphenylmethane  with  m.p.  85®,  which  was  recrystallized  from  Ca4  to  give  pure  substance  with  m.p.  92*,  un¬ 
depressed  by  admixture  with  pure  triphenylmethane. 

Interaction  of  chromyl  chloride  with  o-nitrotoluene.  A  mixture  of  9. 6  g  of  chromyl  chloride  and  1  ml  of 
CCI4  was  added  over  a  period  of  3  minutes  to  a  solution  of  10  g  of  o-nitrotoluene  in  50  ml  of  CCI4  at  room  tempera¬ 
ture.  After  several  days  the  precipitated  complex  was  collected,  washed  with  CCI4,  and  the  residual  solvent  removed 
in  vacuum  flO],  11.8  g  of  complex  was  introduced  in  small  portions  .with  cooling,  into  30  ml  of  2Q^o  DjO.  The 
reaction  mixture  was  extracted  with  CCI4,  the  extracts  dried  with  CaCl2,  and  the  solvent  removed.  Distillation  of 
the  residue  yielded  about  2  g  of  o-nitrotoluene  with  b.p.  71—72*  (5  mm)  and  n^  1.5463.  The  reaction  products 
also  contained  small  amounts  of  o-nitrobenzaldehyde  and  chloro  derivatives.  Isotopic  analysis  showed  that  the 
o-nitrotoluene  isolated  did  not  contain  excess  deuterium. 

In  another  experiment,  decomposition  of  14  g  of  complex  with  50  ml  of  absolute  ether  also  regenerated  about 
2  g  of  o-nitrotoluene. 

Isotopic  analysis.  The  chlorocyclohexanol  was  analyzed  for  o“  content  by  a  method  developed  by  one  of 
us  [11],  consisting  of  cracking  and  heating  a  sample  of  the  substance  in  a  quartz  ampoule  in  an  atomospher  of  a 
given  amount  of  CO2  of  normal  isotopic  composition  and  then  determining  mass  spectrometrically  the  o“  content 
of  the  CO2,  which  had  acquired  an  equilibrium  amount  of  this  isotope.  However,  as  a  special  test  showed,  this 
method  was  unsuitable  for  accurate  analysis  of  benzaldehyde,  quinone,  and  triphenylcarblnol.  Therefore,  without 
distortion  of  their  isotopic  composition,  these  substances  were  converted  into  a  form  suitable  for  analysis;  the 
benzaldehyde  was  heated  in  an  empty  sealed  glass  ampoule  for  6  hours  at  350“  and  the  quinone  was  heated  in  the 
same  way  for  4  hours  at  250*.  Tests  showed  that  the  products  produced  by  heating  (mainly  benzyl  benzoate,  and 
hydroquinone)  could  be  analyzed  satisfactorily  by  the  above  method.  For  analysis  of  triphenylcarbinol,  a  slow 
stream  of  hydrogen  chloride,  carefully  dried  over  PzO^,  was  passed  through  a  boiling  benzene  solution  of  the  carbi- 
nol.  The  water  formed*  was  distilled,  made  alkaline  with  metallic  sodium  in  a  dry  nitrogen  atmosphere,  again 
distilled  from  the  salt  and  alkali,  and  analyzed  in  a  mass  spectrometer  [12].  Control  experiments  confirmed  that 
this  method  gave  satisfactory  results. 

For  determination  of  deuterium  in  o-nitrotoluene,  the  latter  was  burned  over  copper  oxide  and  the  excess 
density  of  the  water  obtained  determined  by  the  flotation  method. 

SUMMARY 

1.  When  chromyl  chloride  complexes  of  cyclohexene,  benzene,  triphenylmethane,  and  toluene  were  de¬ 
composed  with  H2O  the  chlorocyclohexanol  and  quinone  formed  contained  oxygen  derived  only  from  the  oxidant, 
while  about  20*70  of  the  oxygen  in  the  triphenylcarbinol  was  derived  from  the  oxidant  and  about  80*7o  from  the  water. 
The  source  of  the  benzaldehyde  oxygen  could  not  be  determined  due  to  rapid  isotopic  exchange  with  water. 

2.  When  the  chromyl  chloride  complex  of  o-nitrotoluene  was  decomposed  with  D2O,  deuterium  was  not  in¬ 
corporated  into  the  o-nitrotoluene  regenerated.  When  this  complex  and  also  the  chromyl  chloride  complex  of  tri¬ 
phenylmethane  were  treated  with  dry  ether,  o-nitrotoluene  and  triphenylmethane  were  regenerated. 

3.  The  data  presented  agree  with  an  ester -type  structure  for  Etard  complexes.  The  action  of  water  consists 
of  hydrolyzing  them  at  the  acyl— oxygen  bond,  leading  to  oxidation  products.  In  the  case  of  triphenylmethane,  in 
addition  to  this  reaction, (CgHsljCCl  is  apparently  formed, and  this  gives  (C^5)3CO®H  on  hydrolysis.  The  formation 
of  the  chloro  derivative,  and  also  regeneration  of  triphenylmethane  and  o-nitrotoluene  by  the  action  of  dry  ether  on 
their  complexes  is  explained  by  homolytic  decomposition  of  the  complex.  The  structure  of  the  o-nitrotoluene 
complex  remains  unelucidated. 
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ISOOUINOLINE  COMPOUNDS 
I.  DERIVATIVES  OF  ISOMERIC  SALSOLIN 

I.  T.  Strukov  and  O.  A.  Kolganova 


Reserpine  [1]  is  a  very  complex  alkaloid.  In  this  connection  there  is  definite  interest  in  searches  for  simpler 
synthetic  compounds  with  hypotensive  and  sedative  (soothing)  action  among  isoquinoline  derivatives.  Althou^ 
the  isoquinoline  series  has  been  studied  quite  well  and  many  compounds  foiuid  with  application  in  medicine 
(papaverine,  perperine,  salsolin,  etc.)  it  would  be  advantageous  to  continue  die  study  of  isoquinoline  derivatives  to 
obtain  new  pharmacologically  active  compounds,  tending  towards  the  formation  of  new  preparations  from  fragments 
of  the  reserpine  molecule. 

In  actual  fact,  the  reserpine  molecule  (I)  may  be  regarded  as  a  condensed  system  of  0-carboline  and  deca- 
hydroisoqulnoline  with  an  appropriate  steric  distribution  of  the  groupings.  Rupture  of  the  carbon'^carbon  bond  in 
position  2— 3  of  reserpine  leads  to  a  compound  of  the  decahydroisoquinoline  series. 


However,  there  may  be  considerable  difficulties  even  in  the  synthesis  of  such  a  compound.  Work  has  already 
been  done  in  this  direction,and  some  compounds  have  been  synthesized  though  nothing  is  known  as  yet  of  their 
pharmacological  action  [1]. 

We  undertook  to  prepare  first  a  series  of  compounds  similar  in  structure  to  salsolin.  For  this  purpose  we  pre¬ 
pared  3-methoxy-4-ben2yloxyphenylethylamine  from  vanillin  by  two  methods.  One  of  these  consisted  of  convert¬ 
ing  vanillin  into  ferulic  acid  [2],  hydroferulic  acid  (11),  its  methyl  ester  (III),  its  amide  (IV),  die  amide  of  3-methoxy 
4-benzyloxyphenylpropionlc  acid  (V),  and  then  (by  Heifer's  method  [3])lnto  3-methoxy-4-benzyloxyphenylethyl- 
amine  (VI). 


CHa 
HO 


CH3O 

HO 


(ii) 

/I 


— CH2CH2COOH 


— GH2GH2CONH2 


CHsO-r^-GH2GH2GOOGH3 

„oJJ 

(III) 

GH30-/^-GH2GH2C0NH2 


'V" 

(IV) 


GaHaGHaO-^ 


(V) 


CH3O— i^^^V-GH2GH2N  Hj 


GeHsGHiO-! 


'V' 

(VI) 
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The  second  and  more  convenient  method  of  preparing  compound  (VI)  was  developed  by  L.  V.  Volkova  [4], 
starting  from  3-methoxy-4-benzyloxybenzaldehyde,  which  was  converted  into  3-methoxy-4-benzyloxybenzyl 
alcohol  (VII)  by  Davidson  and  Bogert’s  method  [5],  and  then  into  the  chloride  (VIII),  cyanide  (DC),  and  amine  (VI). 


CH3O-1 

CeHsCHgO-l 


GHO 


GHgO-jA- 

CeHsCHgO-i^” 


-GH2GI 


(VIII) 


GH3O- 


GHgO-j^-GHaOH 

GeHsGHaoJ^j! 

(VII) 

GH3O— GH2GN 

GeHsCIIaO-^J 

(TX) 

./^\=.CH2GH2NH2 


GflHjGHaO-l 


(VI) 


Compound  (VI)  was  used  to  prepare  the  acetyl  derivative  (X)  [6],  which  was  converted  Into  l-methyl-6- 
methoxy-7-benzyloxy-3,4-dIhydroisoquinolIne  (XI)  [7],  its  iodomethylate  (XII),  its  chloromethylatc  (XIII),  1,2- 
dImethyl-6-methoxy“7-hydroxy-l,2,3,4“tetrahydroIsoquinoline  (XIV),  and  the  3,4,5-trlmethoxybenzoIc  ester  of 
the  latter  (XV). 


CH,0- 


-/^V\ 


(VI) 


CH.0-/Y'| 


C,H,CII,0-v^J!  nhCOCH, 
(X) 

1  II 

c,h,ch,o-^/Y 

CH, 

«">  <!h. 

(XIII) 

CHjO- 

HO 


/\/\ 
f  1  N-CH, 


u 


CH; 


■o-v 


OCHs 


CHjO- 


^-COO-! 

I  (XV) 
OCH, 


']  N-CH, 
CH, 


A  number  of  these  compounds  were  sent  for  pharmacological  study. 


EXPERIMENTAL 

Hydroferulic  acid  (II).  In  contrast  to  the  reduction  of  ferulic  acid  with  sodium  amalgam  [8]  and  with  hydrogen 
In  the  presence  of  palladium  on  calcium  carbonate  [9],  we  carried  out  the  hydrogenation  in  the  presence  of  a  nickel 
catalyst.  63  g  of  ferulic  acid  was  dissolved  in  200  ml  of  water  In  the  presence  of  27  g  of  sodium  carbonate,  10  g  of 
a  GO^/o  paste  of  nickel  catalyst  added,  and  hydrogenation  carried  out  at  100*  for  4  hours  in  an  autoclave  (capacity 
1.6  liters)  until  the  hydrogen  pressure  no  longer  fell.  The  catalyst  was  removed  by  filtration  and  die  filtrate  acidified 
with  concentrated  sulfuric  acid.  The  oil  liberated  rapidly  crystallized.  The  yield  of  hydroferulic  acid  was  57. 1  g 
(90.5*70).  The  m.p.  was  88—90*. 

Methyl  ester  of  hydroferulic  acid  (ni).  A  mixture  of  53  g  of  hydroferulic  acid,  500  ml  of  methanol,  and  50 
ml  of  concentrated  sulfuric  acid  was  heated  under  reflux  for  8  hours.  The  methanol  was  removed  In  vacuum  and 
the  residue  poured  into  a  separatory  funnel  containing  a  mixture  of  200  ml  of  watei^  100  g  of  ice,  and  200  ml  of 
ether,  and  shaken.  The  ether  solution  was  separated,  washed  with  water  and  a  solution  of  sodium  carbonate,  and 
dried  with  anhydrous  magnesium  sulfate.  After  removal  of  the  ether,  the  oil  was  vacuum  distilled  at  2  min.  The 
b.p.  was  155—157®.  The  yield  was  51  g  (90*70). 

Found  *70:  0  62.60,62.99;  H  6.77,  6.85.  CUH1P4.  Calculated  *7o:  C  62.85;  H  6.71. 

Amide  of  hydroferulic  acid  (IV).  50  g  of  the  methyl  ester  of  hydroferulic  acid  was  shaken  on  a  mechanical 
rocker  for  2  days  with  600  ml  of  a  concentrated  aqueous  solution  of  ammonia.  Evaporation  of  the  solution  to  100 
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methylate  in  the  presence  of  platinum  oxide.  4.65  g of  the  chloromethylate  (Xlll)  was  dissolved  in  100  ml  of  anhy¬ 
drous  alcohol  and  hydrogenated  for  6  hours  with  shaking  in  the  presence  of  0. 34  g  of  platinum  oxide.  A  volume  of 
800  ml  of  hydrogen  was  absorbed.  The  catalyst  was  removed  by  filtration  and  the  filtrate  acidified  with  concentrated 
hydrochloric  acid  and  vacuum  distilled  to  dryness.  The  residue  was  treated  with  an  aqueous  solution  of  ammonia 
and  the  liberated  base  extracted  with  several  portions  of  ether.  The  ether  solution  was  dried  with  anhydrous 
magnesium  sulfate  and  evaporated  to  a  volume  of  3  ml.  The  crystals  which  formed  were  collected  and  washed  with 
ether.  The  yield  was  0.95  g  (.32°fo).  The  m.p.  was  148—150®  (from  methanol  and  ether). 

Found  fl/o:  C  69.57;  H  8.51;  N  6.75.  C12H17O2N.  Calculated  «/o:  C  69.87;  H  8.26;  N  6.75. 

b)  Reduction  of  iodomethylate  with  zinc  dust,  15  g  of  the  iodomethylate  (XII)  was  dissolved  with  stirring 
and  heating  in  375  ml  of  concentrated  hydrochloric  acid.  Over  a  period  of  2.5  hours,  56.3  g  of  zinc  dust  was  added 
at  70—75*,  and  then  the  mixture  was  heated  at  90®  for  1.5  hours.  The  undissolved  zinc  was  removed  by  filtration. 

The  filtrate  was  washed  many  times  with  ether  until  the  ether  solution  no  longer  became  colored.  (It  was  usually 
necessary  to  wash  it  12—15  time  to  remove  impurities.  The  aqueous  solution  was  then  made  alkaline  with  aqueous 
ammonia  (450  ml), with  cooling,  and  again  extracted  several  times  with  ether.  The  ether  solution  was  dried  with 
anhydrous  magnesium  sulfate  and  the  ether  removed  on  a  water  bath.  The  residue  weighed  6.77  g.  It  was  recrystall- 
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ized  from  methanol.  The  yield  was  3.64  g  (49, 6*^0).  The  m.p.  was  148—150*. 

2  g  of  base  (XIV)  was  dissolved  in  a  small  amount  of  alcohol  and  to  the  solution  was  added  an  ether  solution 
of  hydrogen  chloride.  The  precipitated  l,2-dimethyl-6-methoxy-7-hydroxy-l,2,3,4-tetrahydroisoquinoline  hydro- 
chl(»rlde  was  recrystallized  from  Isopropyl  alochol.  The  yield  was  1.2  g.  The  m.p.  was  190—192*. 

Found N  5.69;  Cl  14.66.  CjjHaOjNCl.  Calculated N  5.74;  Cl  14.55. 

3.4,5-Trimethoxybenzolc  ester  of  l,2-dimethyl-6-methoxy-7-hydroxy-l,2,3,4-tetrahydroisoquinoline  (XV). 

1.95  g  of  l,2“dImethyl-6-medioxy-7-hydroxy-l,2,3,4-tetrahydroisoquinoline  was  dissolved  in  15  ml  of  dry  pyridine, 
2.30  g  of  3,4,5-trimethoxybenzoyl  chloride  added,  and  the  mixture  heated  for  4  hours  at  50—60*.  When  the  mass 
had  cooled  it  was  treated  several  times  with  ether.  The  ether  solution  was  washed  with  water  and  several  times 
with  1  N  sodium  hydroxide  solution  and  dried  with  anhydrous  magnesium  sulfate.  The  ether  was  removed  and  the 
residue  (1.6  g)  recrystallized  twice  from  a  mixture  of  methanol  and  ether.  It  formed  coarse  prisms.  The  yield 
was  0.56  g.  The  m.p.  was  129—130*. 

Found  C  66.01;  H  6.79;  N  3.85.  CaHj,©^.  Calculated  <70:  C  65.80;  H  6.78;  N  3.49. 

SUMMARY 

L  Two  comparable  methods  are  described  for  preparing  3-methoxy-4-benzyloxyphenylethylamine  from 
vanillin  through  ferulic  acid  and  from  vanillin  through  3-methoxy-4-benzyloxybenzaldehyde.  The  latter  route 
was  mwe  convenient. 

2.  The  3-methoxy-4-benzyloxyphenylethylamine  was  used  to  prepare  several  isoquinoline  compounds, 
derivatives  of  isomeric  salsolin:  l-methyl“6-methoxy-7-benzyloxy-3,4-dihydroisoquinoline  and  its  iodomethylate 
and  chloromethylate,  and  l,2-dimethyl-6-mcthoxy-7-hydroxy-l,2,3,4-tetrahydroisoquinoline  and  its  3,4,5 -trimethoxy 
benzoic  ester. 

The  isoquinoline  compounds  were  sent  for  pharmacological  study. 

LITERATURE  CITED 

[1]  M.  Onda,  M.  Kawanishl,and  M,  Sasamoto;  J.Pharm.  Soc.  Japan.  76,  409  (1956);  C.  A.  13930*^  (1956). 

[2]  Organic  Reactions  [In  Russian]  1,316  (1948), 

[3]  L.  Heifer,  Helv.  Chim.  Acta  7,  950  (1924). 

[4]  L.  V.  Volkova,  Diss.  "Synthesis  of  esters  of  bisbenzyltetrahydroisoquinoline  bases  (analogs  of  the  alkaloid 
curarine)  "  [In  Russian].  M,  V.  Lomonosov  Moscow  Institute  of  Fine  Chemical  Technology  (1953). 

[5]  D.  Davidson  and  M.  Bogert,  J.  Am.  Chem.  Soc.  905  (1935). 

[6]  E.  Spath,  A.  Orechof^and  F.  Kuffner,  Ber.  67,  1214  (1934). 

[7]  M.  Moore,  H,  Wright,  M.  Vernsten,  M.  Freifeldei;  and  R.  Richards.  J.  Am.  Chem.  Soc.  76,  3656  (1954X 

[8]  F.  Tiemann  and  N.  Nagai,  Ber.  U.  650  (1878). 

[9]  K.  Brand  and  G.  Westerburg,  Arch.  Pharmaz.  u.  Ber.  Dtsch.  Pharmaz.  Ges.  269,  326  (1931). 

[10]  S.  Kobayashi,  Scient.  Papers  Inst.  Phys.  Chem.  Res.  6,  149  (1927);  Zbl.  1928,  I,  1028. 

[11]  J.  Gullard  and  R.  Haworth,  J.  Chem.  Soc.  1928,  581. 

[12]  S.  Jshiwata  and  T.  Nazaki,  J.  Pharm.  Soc.  Jap.  n,  1261  (1951);  C.  A.  5590^  (1952). 

Received  September  24,  1958 


3796 


INVESTIGATION  OF  THE  FUROCOUM ARINS  OF  CULTIVATED  PARSNIPS 


N.  P.  Maksyutina  and  D.  G.  Kolesnikov 

The  cultivated  parsnip  (Pastinaca  sativa  L.)  is  a  herbaceous  biennial  of  the  carrot  family,  which  is  distributed 
dirough  almost  the  whole  of  Europe  and  everywhere  in  the  USSR.  It  is  cultivated  for  the  sake  of  their  succulent, 
sweetish,  aromatic  roots,  which  are  used  as  food. 

Few  chemical  studies  have  been  made  of  the  cultivated  parsnip.  Work  published  in  the  literature  on  the 
parsnip  is  largely  concerned  with  the  carbohydrate  composition  of  the  root  [1]  and  the  essential  oil  of  the  seeds  [2]. 
Apart  from  the  essential  oil  (1.5  -2.5P7o),  consisting  mainly  of  octyl  butyrate  [3]  and  free  acids  (butyric,  propionic, 
and  caproic  [4]),  the  seeds  were  also  found  to  contain  a  fatty  oil  [5]  and  two  furocoumarins,  namely,  imperatorin 
and  bergaptene  [ 6].  Of  the  substances  Isolated,  imperatorin  and  bergaptene  are  of  medicinal  importance  as  they 
have  quite  an  active  photosensitizing  action  and  are  used  in  some  countries  for  the  treatment  of  leucoderma 
(vitiligo)  [6]. 

The  purpose  of  our  investigations  was  the  isolation  from  cultivated  parsnips  of  substances  with  a  spasmolytic 
action.  The  result  of  these  investigations  is  the  isolation  from  parsnips  of  seven  crystalline  substances  with  varying 
degrees  of  spasmolytic  activity.  The  main  substance  causing  the  spasmolytic  action  of  cultivated  parsnips  is  one 
with  the  formula  C]2Hs04,  which  we  called  pastinatiin  [7].  Pastinatsin  and  the  six  other  substances  accompanying 
it  were  investigated  chemically.  We  determined  the  melting  points,  crystal  forms,  solubilities  in  the  usual  solvents, 
molecular  weights,  elementary  compositions,  presence  of  lactone  properties,  number  of  methoxyl  groups,  and  the 
possibility  of  forming  furandicarboxylic  acid,  and  prepared  some  derivatives  (alloimperatorin,  the  nitroderivative 
of  bergaptene,  and  free  phenols).  The  presence  of  lactone  properties  and  the  formation  of  furandicarboxylic  acid 
by  all  seven  substances  and  also  the  characteristic  ultraviolet  absorption  spectra  showed  diat  these  compounds  were 
furocoumarins.  The  results  of  acid  hydrolysis  showed  that  only  one  substance  had  a  side  chain  and  the  other  six 
furocoumarins  did  not  contain  side  groupings  that  could  be  eliminated  by  hydrolysis. 

By  comparing  the  properties  of  the  substances  obtained  with  known  furocoumarins,  we  came  to  the  conclusion 
that  substance  A  was  identical  with  imperatorin  (I),  substance  B  with  bergaptene  (II),  substance  E  with  isopimpinellin 
(III),  and  substance  F  with  xanthotoxol  (IV). 


OCH3  OCH3 


As  regards  the  other  three  substances,  pastinatsin,  substance  C,  and  substance  G,  we  were  unable  to  identify 
them  with  any  known  furocoumarins. 

EXPERIMENTAL 

Extraction  of  furocoumarins  from  parsnip  seed.  10  kg  of  ground  parsnip  seed  was  extracted  with  ethyl  alcohol. 
The  alcohol  was  distilled  from  the  extract  completely  in  vacuum.  The  residue  was  diluted  to  1  liter  with  chloroform 


3797 


and  a  water-soluble  tar  precipitated  by  the  addition  of  4  liters  of  ligroin  to  the  solution  obtained.  The  precipitated 
red -brown  tar  craitained  hardly  any  furocoumarins;  it  was  removed  and  the  filtrate  used  for  further  separation. 

Chromotogaphic  separation  of  furocoumarins.  The  clear  ligroin -chltxoform  solution  remaining  after  separation 
of  die  tars  was  chromatographed  on  a  column  of  6  kg  of  aluminum  oxide.  The  eluates  were  collected  and  each 
fraction  analyzed  for  the  furocoumairn  content  by  paper  chromatography  and  qualitative  tests.  The  results  of  the 
chromatographic  separation  are  given  in  the  table. 


Fraction 

No. 

Eluting  solvent 

Amoimt  of 
solvent  (in 
liters) 

Residue 
(In  g) 

Qualitative  composition  of 
furocoumarins 

1 

2.0 

20.0 

Oil 

2 

1 

1 

Chloroform  and 

3.0 

27.0 

The  same 

3 

ao 

16.0 

The  same 

4 

ligroin  (1 :  5) 

3.0 

14.0 

The  same 

5 

3.0 

7.0 

Imperatorin  and  oil 

6 

1 

The  same  (1 ;  4) 

4.0 

8.4 

Imperatorin 

7 

1 

2.0 

a3 

The  same 

8 

1 

The  same  fl ;  31 

ao 

a6 

Isopimpinellin 

9 

( 

ao 

6.2 

Bergaptene,  substance  C,  pastinat- 

T 

sin,  and  xandiotoxol 

10 

\ 

ao 

10.0 

Bergaptene,  substance  C.  pastinat- 

sin,  substance  G.  and  xanthotoxol 

11 

3.0 

9.0 

The  same 

12 

i 

ao 

5.2 

The  same 

13 

ao 

1.4 

The  same 

14 

1 

ao 

Traces 

Traces 

15 

The  same  (1 :  1) 

ao 

4.6 

Tar 

16 

Chloroform 

2.0 

2.1 

The  same 

17 

Chloroform  and 

2.0 

a7 

Tar  and  inorganic  salts 

ethyl  alcohol 

(1:  1) 

18 

Ethyl  alcohol 

2.0 

a2 

The  same 

Isolation  and  Investigation  of  Furocoumarins 

Substance  A  (imperatorin).  Fractions  5—7  were  evaporated  to  small  volume  to  yield  needle -like  crystals 
with  m.p.  96.5".  Recrystallization  from  hot  benzene  gave  substance  A  in  the  form  of  dense,  coarse  prisms  with 
m.p.  100—102*.  Substance  A  dissolved  very  readily  in  chlcx-oform,  benzene,  and  alcohol,and  very  sparingly  in 
water. 

Found‘d.  C  71.2;  H  5.36.  No  free  OCHs  groups  were  present.  CigHi/)4.  Calculated ‘7‘>:  C  71. 10;  H  5.22. 

Demonstration  of  lactone  properties  of  A.  0.2  g  of  substance  A  was  dissolved  in  10  ml  of  a  10 methanol 
solution  of  KOH.  The  yellow  solution  was  left  at  room  temperature  for  6  hours,  then  diluted  with  200  ml  of  water 
and  the  alcohol  removed  from  the  solution  in  vacuum.  The  residual  solution  was  neutralized  with  HCl  and  extracted 
twice  with  ether.  The  ether  solution  was  evaporated  to  small  volume;  substance  A  crystallized  in  an  unchanged 
state. 


Acid  hydrolysis  of  substance  A.  2.0  g  of  substance  A  was  dissolved  in  20  ml  of  acetic  acid,  two  drops  of  con¬ 
centrated  HjSO^  added,  and  the  solution  left  at  room  temperature.  After  3—4  hours,  a  crystallize  product  with  a 
slightly  yellowish  color  began  to  separate.  After  6  hours  the  crystals  were  collected  and  recrystallized  from  acetic 
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acid.  After  recrystallization  from  ether  and  drying,  the  crystals  had  m.p.  242—244*  and  were  readily  soluble  in 
alkalis,  and  sparingly  so  in  organic  solvents  and  water.  The  yield  was  1.2  g. 

Found  ®/o:  C  64.93;  H  3.05.  No  free  OCHs  groups  were  found.  Calculated ‘^o;  C  64.87;  H  3.09. 

The  phenol  obtained  was  identical  in  properties  and  composition  to  xanthotoxol. 

Isomerization  of  substance  A  (preparation  of  alloimperatorin).  2.5  g  of  substance  A  isomerized  at  200—205* 
and  a  pressure  of  0.01  mm  in  7  minutes.  When  the  pressure  was  reduced  to  0.001  mm  and  the  temperature  raised 
to  210—215*,  the  isomer  of  substance  A  sublimed  as  bright  yellow  needles.  After  recrystallization  from  ether  the 
isomer  had  m.p.  233*. 

Found  <70:  C  7L02;  H  5.33.  Ci6HiP4.  Calculated  <70;  C  71.10;  H  5.22. 

The  isomeric  substance  was  readily  soluble  in  alkalis  to  give  bright  yellow  solutions.  It  was  identical  in 
properties  with  alloimperatorin. 

Substance  B  (bergaptene).  The  eluate  fractions  9—13  were  combined,  evaporated  to  small  volume  in  vacuum, 
and  the  residue  left  to  crystallize.  After  2—3  hours  crystallization  was  complete  and  the  crystals  were  collected 
and  dried.  The  total  yield  of  crystalline  product  was  approximately  18—20  g.  The  product  obtained  was  dissolved 
in  benzene  (150  ml)  by  heating  on  a  water  bath.  As  it  cooled,  the  benzene  solution  began  to  deposit  crystals  of 
substance  B  as  long  white  needles.  They  were  collected,  dried,  and  recrystallized  twice  from  hot  alcohol.  Sub¬ 
stance  B  dissolved  very  readily  in  chloroform,  with  somewhat  more  difficulty  in  alcohol  and  benzene,  and  hardly 
at  all  in  water.  It  melted  at  189—191*. 

Found  <7o:  C  66.71;  H  3.70;  OCH3  13.2.  Ci2H804.  Calculated  <7o;  C  66.67;  H  3.73;  OCH,  12.6. 

Demonstration  of  lactone  properties  of  substance  B.  An  alcohol  solution  of  substance  B  (0.1  g  in  20  ml)  was 
divided  into  two  portions.  When  water  was  added  to  one  portion,  there  immediately  began  the  separation  of  needle - 

like  crystals  which  were  identical  in  properties  with  substance  B.  To  the  second  portion  of  the  alcohol  solution  was 

added  a  solution  of  potassium  hydroxide  and  then  the  mixture  was  diluted  with  water.  In  this  case  the  initial  sub¬ 
stance  B  was  not  precipitated.  When  the  excess  alkali  was  neutralized  and  the  alcohol  removed  by  distillation,  the 
starting  material  rapidly  precipitated. 

Preparation  of  nitro  derivative  of  substance  B  (nitrobergaptene).  4.0  g  of  substance  B  was  ground  with  20  ml 
of  acetic  acid  and  then  100  ml  of  HNO3  was  added.  The  mixture  was  cooled  and  after  20  minutes  it  was  poured 
into  4  liters  of  cold  water.  The  precipitated  product  was  collected,  dried,  and  recrystallized  from  acetic  acid.  The 
yellow,  prismatic  needles  of  the  nitro  derivative  became  brown  at  230*  and  melted  at  256*  (decomp.). 

Found  <7o:  C  55.32;  H  2.81.  C^HPeN.  Calculated  C  55.15;  H  2.79. 

Oxidation  of  substance  B  with  hydrogen  peroxide.  0.5  g  of  substance  B  was  dissolved  in  40  ml  of  a  hot 

solution  of  NaOH,  Ae  solution  cooled,  and  22.5  ml  of  3*70  H2O2  added  at  room  temperature.  The  mixture  was  left 
for  20  minutes  at  room  temperature  and  then  heated  to  80*  for  6  hours.  The  dark-yellow  solution  was  acidified  with 
HCl  and  treated  with  ether.  Removal  of  the  ether  from  the  ether  extract  gave  0.5  g  of  a  crystalline  mass,  which 
sublimed  at  160—170*  and  0.01  mm.  The  sublimation  yielded  0.25  g  of  colorless  crystals  which  melted  at  220  — 

221*  after  recrystallization  from  ethyl  acetate.  The  substance  was  readily  soluble  in  water  and  alcohol, and  sparingly 
so  in  ether  and  ethyl  acetate. 

Found  7o;  C  45.98;  H  2.62.  CeH4P5.  Calculated  C  46.15;  H  2.58. 

The  substance  was  identical  in  properties  to  furan-2,3-dicarboxylic  acid. 

Substance  C.  The  benzene  mother  solution, after  separation  of  substance  B.was  evaporated  in  vacuum.  The 
residue  was  dissolved  in  hot  alcohol  and  left  to  recrystallize.  On  cooling,  the  solution  first  deposited  crystals  of 
substance  B  as  needles,  which  were  separated,  and  the  solution  heated  slightly  and  then  left  for  substance  C  to 
crystallize.  Substance  C  crystallized  as  dense  white  prisms  with  m.p.  145—147*.  It  dissolved  readily  in  chloroform, 
alcohol,  benzene,  and  acetone,and  more  difficultly  so  in  ether  and  water. 

Found  <7o:  C  63.64;  H4.27;  OCH3  26.2.  Ci3Hio05.  Calculated  <70:  C  63.40;  H  4.10;  OCH3  25.2L 
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Substance  C  had  lactone  properties  and  gave  furan-2,3-dicarboxylic  acid  when  oxidized  with  H^Ot. 

Pastinatsin.  Pastinatsin  crystallized  from  the  abohol  mother  liquor  remaining  after  separation  of  substance 
C.  The  crystals  were  fine,  slightly  yellowish  needles  with  m.p.  124-138*.  Pastinatsin  was  readily  soluble  in 
chloroform,  alcohol,  benzene,  and  acetone, and  more  difficultly  so  in  ether  and  water. 

Found  C  66.68;  H  3.75;  OCH,  12.74i  C,jH,04.  Calculated  ;  C  66.67;  H  3.73;  OCH,  12.6. 

Pastinatsin  had  lactone  properties  and  gave  fiiran*  2,3- dlcarboxylic  acid  when  oxidized  with  HiOj. 

Substance  E  (isopimpinellin).  The  solvent  was  distilled  from  fraction  8  of  the  eluate  (see  Table)  in  vacuum. 
On  standing,  the  oily  residue  deposited  a  dense  layer  of  crystals,  which  were  collected  and  recrystallized  several 
times  from  alcohol.  Substance  E  crystallized  as  fine  yellow  needles  with  m.p.  149- 151*,  which  grew  together  in  a 
felt- like  mass.  The  crystals  dissolved  readily  in  chloroform,  benzene,  and  alcohol,  with  somewhat  more  difficultly 
in  acetone,  and  sparingly  in  water. 

Found  C  63.42;  H  4.10;  OCH,  26.3.  CisHuOs,  Calculated  C  63.40;  H  4.10;  20CH,  25.21. 

Substance  E  had  lactone  properties  and  gave  furan-2,3-dicarboxylic  acid  on  oxidation  with  HjO,.  Substance 
E  was  identical  in  properties  to  isopimpinellin. 

Substance  F  (xanthotoxol).  The  mother  liquor  after  separation  of  the  pastinatsin  crystals  was  evaporated  and 
the  residue  dissolved  in  ether.  On  standing,  the  solution  deposited  rhombic  crystals  with  m.p.  240-244*.  The 
substance  dissolved  readily  in  alkaline  solutions,  alcohol,  and  chloroform,  but  was  difficultly  soluble  in  water. 

Found‘d;  C  64.97;  H  3.07.  CiiH«04.  Calculated*^;  C  64.87;  H  3.09. 

Substance  F  had  lactone  properties  and  gave  furan-2,3-dicarboxylic  acid  on  oxidation  with  HjO,.  In  com¬ 
position  and  properties,substance  F  was  identical  to  xanthotoxol,  whose  melting  point  it  did  not  depress. 

Substance  G.  The  mother  liquor  after  separation  of  substance  F  was  diluted  with  three  volumes  of  ligroine. 
This  yielded  a  very  small  amount  of  needle- like  crystals  of  substance  G  with  m.p.  140-144*. 

Found  %  C  66.82;  H  3.81;  OCH,  12.3.  CuHQi.  Calculated  <^1  C  66.67;  H  3.73;  OCH,  12.6. 

The  compound  had  lactone  properties  and  gave  furan-2,3-dicarboxylic  acid  on  oxidation  with  H2O2. 

SUMMARY 

1.  Seven  crystalline  natural  ftirocoumarins  were  isolated  from  cultivated  parsnips.  The  substances  isolated 
were  examined  chemically  and  a  number  of  their  derivatives  prepared. 

2.  Four  of  the  substances  were  identified  with  previously  known  natural  ftirocoumarins:  imperatorin, 
bergaptene,  isopimpinellin,  and  xanthotoxol.  The  properties  of  the  ftirocoumarin  which  we  called  pastinatsin  and 
those  of  substances  C  and  G  did  not  correspond  to  any  ftirocoumarins  described  previously.  Apparently,  we  were 
the  first  to  obtain  these  compounds. 

3.  The  main  substance  causing  the  spasmolytic  action  of  parsnips  is  pastinatsin. 
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As  was  shown  previously  [1],  eldeline  is  identical  with  the  alkaloid  deltaline.  Carmack  et  al.  [2]  obtained 
delpheline  from  the  latter  by  replacing  the  hydroxyl  by  hydrogen  and  hydrolyzing  the  acetoxy  group.  Since  the 
structure  of  delpheline  (I)  was  established  by  Cookson  and  Trevett  [3],  for  elucidation  of  the  structure  of  eldeline 
there  remained  the  determination  of  the  position  of  the  hydroxyl  group  eliminated  in  the  conversion  to  delpheline. 
We  had  reported  [1]  that  3  moles  of  NaI04  was  consumed  in  the  oxidation  of  demethyleneeldelidine,  the  product 
of  hydrolyzing  the  acetoxy  group  in  eldeline  and  converting  the  methylenedioxy  group  into  a  glycol  group.  Hence 
the  conclusion  was  drawn  that  demethyleneeldelidine  contains  four  adjacent  hydroxyls.  This  led  us  to  formulas 
(II),  (III),  and  (IV)  for  eldeline,  eldelidine,  and  demethyleneeldelidine,  respectively. 

However,  the  assumption  that  demethyleneeldelidine  contains  four  adjacent  hydroxyl  groups  was  found  to  be 
incorrect:  when  demethyleneeldelidine  was  oxidized  in  a  neutral  aqueous  solution,  only  2  mole  of  NalO^  and  not 
3  were  consumed  Apparently,  when  the  oxidation  with  NalO^  was  carried  out  without  neutralization  of  the  base, 
not  only  the  glycol,  but  also  some  other  groups  were  oxidized  due  to  the  high  alkalinity  of  the  solution  (a  1%  solu¬ 
tion  of  demethyleneeldelidine  has  pH  10.3).  A  similar  observation  was  made  in  the  oxidation  of  delcosine  with 
NaI04[4]. 


Oxidation  of  demethyleneeldelidine  with  NaI04  led  to  amphoteric,  uncrystallizable  products  which  were 
difficult  to  obtain  in  a  discrete  state.  On  the  other  hand,  the  NaI04  oxidation  of  the  neutral  lactam  corresponding 
to  demethyleneeldelidine  yielded  crystalline  substances.  For  the  preparation  of  this  lactam,  eldeline  was  oxidized 
with  KMn04to  oxoeldeline  (the  infrared  spectrum  contained  a  band  at  1625  cm“^  of  a  lactam  carbonyl  in  a  six- 
membered  ring);  the  latter  was  hydrolyzed  to  oxoeldelidine  and  the  methylenedioxy  group  of  this  was  cleaved 
with  hydrochloric  acid  by  the  method  used  by  Cookson  and  Trevitt  for  cleaving  this  group  in  oxodelpheline.  The 
main  reaction  product  (otherreajtion  products  will  be  examined  at  the  end  of  the  article)  did  not  contain  a 
methylenedioxy  group  or  ketone  groups  (no  absorption  in  the  region  of  1700  cm“^).  The  formation  of  this  substance 
(which  we  will  subsequently  refer  to  as  demethylenox^eldelidine)  can  best  be  explained  by  simple  (unaccompanied 
by  rearrangement)  conversion  of  the  group  — C— O— CII2— O— C—  into  the  glycol  group  — C(OH)  (HO)C— .  This 

explanation  of  the  reaction  agrees  with  the  results  presented  below  for  the  oxidation  of  demethylenoxoeldelidine 


with  periodic  acid,  which  confirmsthat  this  compound  contains  the  grouping  — CH(OII)— ('(OH)— C(OIl)— CH2— CfOGHa), 

formed  from.  -CH(OH)— C  —  (:-CH2— C(OCH.,). 

II  I  ' 

OGH2O 


Two  moles  of  NaI04  were  consumed  in  the  oxidation  of  demethylenoxoeldelidine;  the  reaction  product  was 
a  neutral  lactone  whose  infrared  absorption  spectrum  did  not  contain  OH  group  bands,  but  did  contain  bands  at 
1789,  1714,and  1640  cm”\  The  first  of  these  was  caused  by  a  y -lactone  group,  the  second  characterized  die  two 
carbonyl  groups  formed  by  cleavage  of  the  triol,  and  the  third  was  caused  by  the  presence  of  the  lactam  carbonyl. 
The  presence  of  an  aldehyde  group  in  the  oxidation  product  was  indicated  by  color  reactions  and  also  the  fact  that 


3801 


oxidation  of  the  lactone  formed  a  lactono  acid,  differing  in  composition  from  the  lactone  by  1  oxygen  atom. 

This  acid  was  titrated  by  alkali  in  an  aqueous  solution  and  its  infrared  spectrum  contained  bands  at  3300  (OH), 
1789  (y-lactone),  1714  (ketone  or  aldehyde  group),  and  1638  cm"^  (lactam). 

When  the  lactone  was  dissolved  in  A°jo  NaOH,  even  at  room  temperature,  the  lactone  ring  was  opened;  the 
equivalent  of  alkali  was  bound  in  approximately  1  hour.  Acidification  of  the  alkaline  solution  and  extraction 
with  an  organic  solvent  yielded  a  hydroxy  acid  (^max  330®*  1725,  1705,  1650,  1613  cm"*),  which  was  converted 
into  a  lactone  by  heating  in  sulfuric  acid.  The  lactone  formed  was  an  unsaturated  substance,  containing  an  OCHj 
group  less  than  die  original  saturated  lactone.  The  ultraviolet  spectrum  of  the  unsaturated  lactone  showed  absorp¬ 
tion  at  242  m  M  (Ig  *  3^85),  characteristic  of  cl,  3 -unsaturated  ketones.  Thus,  the  formation  of  a  double  bond 
was  die  result  of  elimination  of  a  methoxyl  in  a  position  0  to  the  keto  group:  CO— CH— C(CX;H3)  -*  CO— C=C. 
This  instability  of  0  -methoxy  ketones  under  the  action  of  acids  has  been  observed  many  times  in  investigations 
of  aconite  alkaloids  [3,  5,  6].  The  infrared  spectrum  of  the  unsaturated  lactone  contained  bands  at  1756  cm~* 

( y-lactone),  1700  cm"*  (aldehyde),  and  a  broad  band  at  1668  cm"*  (lactam  and  ot,  0 -unsaturated  ketone),  but 
OH  group  bands  were  absent 


(I)  R=R’=H  ;  9*+R*=CH,,  R*=H  . 

(II) -  R=H  ;  R’=0H  ;  R*4.  R^  =  CH,  ;  R*=C0CHj  . 
(in)  R=H  ;  r’*0M  -,  4**  r’  =  CH,  ;  r'=H. 

(»r)  R=H;  r’*0H;  R^=r’=R*-H. 

(V)  R=0H  ,  R’=H  ;  R**  R*-CHt ;  R*=C0CHj 
tW)  R-OH  •,  R’=H  i  R*+  R’=»CHj;  R*=H. 

(VII)  r=oh;  r<=r*=r’=r*»h. 


(XI)  (X) 


The  formation  of  a  y-lactone  in  the  oxidation  of  demethylenoxoeldelidine  and  the  fact  that  eldelidine  is 
stable  to  oxidation  by  periodic  acid  •  quite  unequivocally  determines  the  position  of  the  OH  group  in  demethyl¬ 
enoxoeldelidine,  which  is  not  oxidized  by  periodic  acid  or,  in  other  words,  does  not  contain  a  1,2,3-ttiol  grouping. 

•This  fact,  which  was  reported  previously  [1],  excluded  the  possibility  of  the  hydroxyl  being  adjacent  to  a  second¬ 
ary  OH  group  in  eldelidine. 
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Since  this  hydroxyl  is  eliminated  by  conversion  of  eldeline  to  delpheline,  the  data  presented  make  it  possible  to 
represent  the  structure  of  eldeline  by  formula  (V),  eldelidine  by  (VI),  demethyleneeldelidine  by  (VII),  demethyl- 
enoxoeldelidine  by  (VIII),  the  lactone  by(IX),  the  hydroxy  acid  by  (X),  the  unsaturated  lactone  by  (XI),  and  the 
lactono  acid  by  (XII). 

As  noted  above,  the  action  of  hydrochloric  acid  on  oxoeldelidine  gave  other  products  apart  from  the  demethyl¬ 
ene  derivative.  Substance  No.  1,  CjsHjyOgN*  H|0,  which  was  isomeric  with  oxoeldelidine,  contained  a  methylene- 
dioxy  group,  was  not  oxidized  by  periodic  acid,  and  was  converted  into  demethylenoxoeldelidine  by  the  action  of 
hydrochloric  acid.  A  similar  substance,  isooxodelpheline,  was  isolated  by  Cookson  and  Trevitt  [3]  after  treatment 
of  oxodelpheline  with  hydrochloric  acid  in  preparing  the  demethylene  derivative  from  it.  Isooxodelpheline  contained 
a  tertiary  hydroxyl  group  instead  of  the  secondary  one  of  oxodelpheline.  This  led  Cookson  and  Trevitt  to  the  ex¬ 
clusion  that  the  formation  of  the  iso-compound  involved  migration  of  die  methylenedioxy  group,  whidi  was  attached 
to  two  tertiary  hydroxyls  in  oxodelpheline  and  to  a  secondary  and  a  tertiary  in  the  iso-compound. 

Substance  No.  2,  024^350^,  contained  a  keto  group  (1739  cm"^)  and  could  be  obtained  from  demethylenoxo¬ 
eldelidine  by  heating  the  latter  with  hydrochlOTlc  acid.  One  mole  of  NaI04  was  consumed  in  the  oxidation  of 
substance  No.  2  to  form  an  acid,  Q4HJ5OJN  (•'max  3400,  1734,  1625  cm"^).  A  similar  product  was  also  obtained 
by  the  action  of  hydrochloric  acid  on  oxodelpheline.  As  yet  no  explanatix  can  evidently  be  offered  for  the  form¬ 
ation  of  these  substances. 

Substance  No.  3,  Cj4H»07N,  contained  a  keto  group  {v ^^^1112  cm"^)  and  was  not  oxidized  by  NaI04.  This 
substance  was  apparently  obtained  as  a  result  of  pinacol  rearrangement.  Its  structure  may  be  represented  by  formula 
(XIII),  for  example. 


EXPERIMENTAL 

Oxoeldeline.  Over  a  period  of  6  days,  18  g  of  powdered  KMn04  and  200  ml  of  a  lO^o  solution  of  acetic  acid 
in  acetone  was  added  in  4  equal  portions  to  a  solution  of  14  g  of  eldeline  in  700  ml  of  acetxe.  Each  portion  was 
added  when  the  solution  lost  its  color.  The  filtrate,  after  removal  of  the  Mn02,was  evaporated  to  dryness  in  vacuum 
and  the  residue  dissolved  in  chloroform.  The  chloroform  solution  was  washed  twice  with  NaOH  and  then  with 
b°Jo  H2SO4  until  a  negative  reaction  for  alkaloids  was  obtained.  The  chloroform  was  evaporated  and  acetone  added 
to  the  residue  to  give  5  g  of  oxoeldeline.  A  further  4  g  of  this  substance  was  obtained  by  evaporating  the  mother 
liquor  to  about  20  ml  and  diluting  with  an  equal  volume  of  water.  The  oxoeldeline  had  m.p.  271—272“  (from  acetone). 

Found ‘7o:  C  61.49,  61.54;  H  7.61,  7.54;  N  2.70.  C27H39O9N.  Calculated  <70:  C  62.18;  H  7.53;  N  2.68. 

Oxoeldelidine.  a)  A  solution  of  9  g  of  oxoeldeline  in  80  ml  of  methyl  alcohol  and  15  ml  of  bO^o  KOH  was 
boiled  on  a  water  bath  for  L5  hours.  We  obtained  5.4  g  of  oxoeldelidine  with  m.p.  228—230"  (from  acetone). 
ra]j^-0.94“,  (c  4.65,  chloroform). 

Found  C  62.37,  62.58;  H  7.86,  7.64;  N  2.99.  CggHj^gN.  Calculated  <7o:  C  62.61;  H  7.78;  N  2.92. 

b)  To  a  solution  of  20  g  of  eldelidine  in  1  liter  of  acetone  was  added  28  ml  of  CH^OOH  and  13  g  KMn04 
over  a  period  of  20  minutes.  After  1  hour  the  manganese  dioxide  was  removed  and  the  filtrate  evaporated  (finally 
in  vacuum).  The  residue  was  dissolved  in  20  ml  of  water  and, on  standing ,the  solution  deposited  oxoeldelidine. 

The  yield  was  9  g  and  the  m.p.  228—230*  (from  a  mixture  of  acetone  and  ether). 

Action  of  HCl  on  oxoeldelidine.  a)  A  solution  of  5  g  of  oxoeldelidine  in  25  ml  of  concentrated  HCl  was 
kept  at  20®  for  18  hours,  then  diluted  with  an  equal  volume  of  water,  and  extracted  many  times  with  chloroform. 

The  chloroform  solution  was  evaporated  to  dryness  in  vacuum  at  a  bath  temperature  of  not  more  than  50®.  The 

addition  of  ethyl  acetate  to  the  residue  yielded  1. 3  g  of  substance  No.  1  with  m.p.  250*  (from  acetone);  [a]p 
+  4.10®  (c  4.4,chloroform). 

Found  C  60.80,  61.09;  H  7.94;  8.03;  N  3.11;  OCH3  18.54.  CgsHs^gN-l^O.  Calculated  %  C  60.34; 

H  7.90;  N  2.81;  3OCH3I8.68. 

To  the  aqueous  hydrochloric  acid  mother  liquor  was  added  excess  concentrated  NaOH  solution.with  cooling 
in  ice,  to  salt  out  the  demethylenoxoeldelidine  (a  saturated  solution  of  ammonium  sulfate  could  also  be  used  for 
salting  out).  The  alkaline  solution  was  repeatedly  extracted  with  chloroform.  We  obtained  1.2  g  of  demethylenoxo¬ 
eldelidine  (VIII)  with  m.p.  278—280"  (from  acetone). 
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Found  1^:  €  61.58,61.46;  H  7.87,  7.76;  N  3.26,  2.94;  OCH3  19.91.  C24Hst08N.  Calculated‘S:  €61.65; 

H  7.97;  N  2.99;  3  0€Hjl9.89. 

b)  To  a  solution  of  6.5  g  of  oxoeldelldine  in  21  ml  of  H€1  (1 :  1)  was  added  a  solution  of  3  g  of  phloroglucinol 
in  70  ml  of  H€1  (1 :  1).  The  mixture  was  heated  at  70—80”  for  20  minutes,  the  phloroglucide  removed,  and  the 
filtrate  evaporated  to  dryness  in  vacuum.  The  residue  was  treated  repeatedly  with  hot  chloroform  (extract  A),  then 
dissolved  in  10  ml  of  water,  made  strongly  alkaline  with  40‘S  NaOH  solution,  and  the  solution  extracted  with 
chloroform  (extract  B).  Evaporation  of  the  chloroform  from  extract  A, and  the  addition  of  ethyl  acetate, yielded  2 

g  of  substance  No.  2  with  m.p.  228—230*  (from  acetone). 

Found'S:  €6^51,6^82;  H  7.91,  8.09;  N  3.64;  OCH,  20.05.  C24H3507N.  Calculated'S;  €64.13;  H  7.84; 
N  3.11;  3CX:H3  20.70. 

From  extract  B  we  isolated  2  g  of  demethyleneeldelidine. 

c)  8  g  of  oxoeldelidine,  80  ml  of  H€1  (1 :  1),  and  4  g  of  phloroglucinol  in  280  ml  of  H€1  (1 :  1)  were  heated 
for  45  minutes  at  80—90*.  The  experiment  was  then  continued  as  described  above;  extract  A  yielded  1. 1  g  of 
substance  No.  2  and  extract  B  gave  5  g  of  a  tarry  product  from  which  0. 6  g  of  demethylenoxoeldelidine  was 
isolated  by  treatment  with  acetone.  On  standing,  the  filtrate  deposited  substance  No.  3  (0.6  g)  with  m.p.  251— 

253*  (from  acetone). 

Found'S:  €  64.45  ,  64.48;  H  7.73,  7.93;  N  a 30;  OCH3  21.02.  C24H3507N.  Calculated'S:  €64.13;  H  7.84; 

N  3.11;  3  0CH3  20.70. 

A  solution  of  0.5  g  of  substance  No.  1  in  5  ml  of  concentrated  H€1  was  kept  at  20*  for  18  hours.  We  isolated 
0.2  g  of  substance  No.  1  and  0. 1  g  of  demethylenoxoeldelidine. 

0.2  g  of  substance  No.  1  in  10  ml  of  H€1  (1 :  1)  was  heated  for  1  hour  at  80—90*.  We  obtained  substance 

No.  2. 

0.2  g  of  demethylenoxoeldelidine  in  10  ml  of  H€1  (1 :  1)  was  heated  under  the  same  conditions  and  yielded 
substance  No.  2. 

Oxidation  of  demethylenoxoeldelidine  with  NalO^.  a)  To  a  solution  of  0. 6  g  of  demethylenoxoeldelidine  in 
15  ml  of  water  was  added  0.3  g  (about  1  mmole) ofNaI04.  The  solution  was  left  for  20  hours  at  16—20*,  then 
evaporated  to  dryness  in  vacuum  .at  a  temperature  of  not  more  than  30—50*.  The  dry  residue  was  treated  3  times 
with  anhydrous  alcohol.  The  substance  obtained  after  evaporation  of  the  alcohol  extract  in  vacuum  (bath  tempera¬ 
ture  30—35*)  was  recrystallized  from  a  mixture  of  acetone  and  etfier;  we  obtained  0.2  g  of  substance  with  decomp, 
p.  190-200*. 

Found  <70:  €  59.76,59.55;  H  7.83,  7.77;  N  3.30;  OCHj  19.35.  C24H3508N.  Calculated ‘^o:  €59.91;  H  7.71; 
N  2.89;  3  0CH3  19.23. 

b)  To  a  solution  of  0.6  g  of  demethylenoxoeldelidine  in  15  ml  of  water  was  added  0. 6  g  (about  2  mmole)  of 
Nal04.  After  the  mixture  had  stood  for  about  20  hours,  it  deposited  0.28  g  of  lactone  (IX)  with  m.p.  263—265* 

(from  alcohol). 

Evaporation  of^  the  aqueous  mother  solution  in  vacuum  yielded  a  further  0. 13  g  of  this  substance.  The  lactone 
(IX)  could  also  be  obtained  by  NaI04  oxidation  of  the  substance  with  m.p.  190—200*,  obtained  by  oxidation  of 
demethylenoxoeldelidine  with  1  equivalent  of  NaI04. 

Found '7o:  €  61.78,  62.38;  H  7.07,  7.03;  N  3.37,  3.49,  OCH3  19.49,  19.95.  M  497.  C24H3304N.  Calculated 
‘/o:  €62.19;  H  7.17;  N  3.02;  3  0CH3  20.07.  M  463.5. 

Oxidation  of  the  aldehyde  group  of  the  lactone.  Powdered  KMn04  was  added  in  portions  over  a  period  of  2 
days  to  a  solution  of  1  g  of  lactone  in  250  ml  of  acetone.  The  solvent  was  evaporated  in  vacuum,  10  ml  of  water 
added  to  the  residue,  and  the  solution  acidified  with  lO'^o  H2SO4  and  extracted  with  chloroform.  We  obtained  0.4 
g  of  lactono  acid  (XII)  with  m.p.  240*  (with  decomp.)  (from  acetone). 

Found ‘>/o:  €  60.02,  59.85;  H  6.87,  7.00.  C24H3309N.  Calculated  <70:  €60.11;  H  6.93. 
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Preparation  of  unsaturated  lactone  (XI).  a)  0.2  g  of  lactone  (DC)  was  dissolved  in  4  ml  of  0.1  N  NaOH. 

The  greenish  solution  was  acidified  to  congo  with  20*^  H^SO^  solution.  When  the  sulfuric  acid  solution  was  heated 
on  a  water  bath  it  deposited  a  crystalline  precipitate  of  die  unsaturated  lactone  with  m.p.  306—307*  (from  methanol). 

Found ‘>/o;  0  64.01,  63.95;  H  6.72,  6.63;  N  3.30,  3.25;  OCHj  14.56,  14.69,  Calculated ‘Tic 

C  64.02;  H  6.77;  N  3.24;  2  OCHj  14.38. 

b)  To  0.5  g  of  lactone  (IX)  was  added  1  ml  of  4‘^  NaOH  with  cooling;  the  greenish  solution  was  acidified 
with  a  few  drops  of  20%  H2S04,with  cooling  in  ice,  and  repeatedly  extracted  with  chltxroform.  We  obtained  0.35 
g  of  the  hydroxy  acid  (X)  which,  after  recrystallization  from  acetone,  melted  at  229*  (decomp.)  with  rapid  heating 
and  at  208*  (decomp.)  with  slow  heating. 

Found 'Vo:  OCHj  19.31.  Calculated  3  0CHjl9.35. 

0. 1  g  of  hydroxy  acid  (X)  was  dissolved  in  80  ml  of  hot  water  and  the  solution  acidified  with  20'^  H2SO4  and 
evaporated  to  3—4  ml  in  a  dish  on  a  water  bath.  We  obtained  0.05  g  of  unsaturated  lactone  (XI)  with  m.p.  304*. 

Oxidation  of  substance  No.  2  with  NalO^.  0.75  g  of  substance  No.  2  was  dissolved  in  5  ml  of  alcohol  and  30 
ml  of  water.  To  the  solution  was  added  0.5  g  of  NaI04.  After  20  houn  the  solution  was  evaporated  in  vacuum  at  a 
bath  temperature  of  20  —30*  to  a  volume  of  about  10  ml.  The  precipitate  (0.5  g)  was  dissolved  in  3  ml  of  b% 

NH/3H  and  the  solution  filtered  and  again  acidified  with  10*^  HCl.  We  obtained  0.5  g  of  acid  with  m.p.  295*. 

Found ‘Vo:  C  61.62,  61.34;  H  7.61,  7.79;  N  3.16,  3.11;  OCHj  19.89;  M  484.  C24H3sP,N.  Calculated 'Vo: 

C  61.92;  H  7.57;  N  a  00;  3  OCH3  19.93;  M  465. 


SUMMARY 

A  formula  was  proposed  for  the  alkaloid  eldeline. 
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CHEMICAL  STUDY  OF  THE  ALKALOIDS  OF  LINARIA  VULGARIS  MILL 

G.  P.  Men'shikov,  A.  I.  Ban’kovskii,  and  V.  I.  Frolova 
All-Union  Scientific  Research  Institute  of  Medicinal  and.  Aromatic  Plants 


About  sixty  forms  of  toadflax  (Linaria)  grow  In  the  USSR,  but  tliey  have  been  studied  very  little  up  to  now 
from  the  chemical  point  of  view.  There  are  reports  in  the  literature  that  some  forms  of  toadflax  contain  alkaloids. 

A  ttiorough  study  has  been  made  of  only  the  one  form  Linaria  popovii  Kuprian,  from  whose  herbage  two  alkaloids 
were  isolated  :  peganine  CUH12ON2  [1]  and  linarine  C^Hx^x^s  * 

Peganine  was  first  isolated  in  1929  from  seeds  of  Peganum  harmala  (of  die  family  Zygophyllaceae).  Its 
structure  was  frnally  established  by  synthesis  [3]. 

We  studied  alkaloids  isolated  from  the  herbage  of  Linaria  vulgaris  Mill,  (of  die  family  Scrophulariaceae). 

The  total  alkaloids  were  isolated  by  die  dlchloroediane  method  and  the  yield  was  0.16  .  By  ascending  paper 

chromatography  it  was  established  that  it  consisted  of  one  alkaloid  with  Rf  0.78  [the  solvent  was  a  mixture  of 
butanol  and  CHjCOOH  (86  ;  14)  ,  saturated  widi  water]. 

For  isolation  of  the  alkaloid,  the  product  was  treated  with  alcohol,  this  washed  out  the  dark  tarry  Impurities. 

The  residual  light, crystalline  precipitate  was  recrystallized  from  alcohol,  from  which  the  alkaloid  separated  as 
needles.  Joined  in  rosettes.  The  base  obtained  had  the  composition  CuHijONj  and  m.p.  208-21(f  (in  vacuum). 

It  was  readily  soluble  in  chloroform,  soluble  in  alcohol  and  methanol,  and  difficultly  soluble  in  efrier,  benzene, 
and  water.  It  was  optically  inactive.  It  gave  a  series  of  crystalline  salts  with  mineral  and  organic  acids.  The 
melting  point  of  a  mixture  of  peganine  and  the  alkaloid  investigated  was  not  depressed. 

When  die  alkaloid  we  isolated  (and  also  peganine)  was  compared  with  linarine(  a  sample  was  kindly  presented 
to  us  by  S.  Yu.  Yunusov),it  was  established  that  the  latter  alkaloid  also  melted  at  207-21cr  in  vacuum  and  did  not 
depress  die  melting  point  of  peganine.  The  Rf  values  of  die  alkaloid  investigated,  peganine,  and  linarine  also 
coincided. 

Table  1  gives  the  melting  points  of  peganine,  the  alkaloid  investigated,  and  linarine, and  their  salts. 

The  data  in  Table  1  show  diat  die  alkaloid  we  isolated  was  identical  with  peganine.  Comparison  of  the 
constants  of  linarine  and  peganine  also  indicated  that  they  were  identical. 

EXPERIMENTAL 

Isolation  and  purifleation  of  alkaloid.  Ground  air-dried  green  parts  of  die  plant  were  isolated, moistened 
with  25  ^0  aqueous  ammonia  solution  and  exhaustively  extracted  with  dlchloroediane.  The  alkaloids  were 
completely  extracted  from  the  dichloroethane  with  10  %  sulfuric  acid  solution.  The  sulfuric  acid  extracts  were 
filtered,  made  alkaline  with  25*70  ammonia  solution,  and  the  alkaloids  extracted  from  them  with  chloroform.  The 
chloroform  extract  was  dried  with  anhydrous  sodium  sulfate,  filtered,  and  then  the  solvent  removed  on  a  water  bath. 

Ftom  14  kg  of  plants  we  obtained  16  g  of  total  alkaloids  as  a  brownish,  crystalline  mass.  The  colored  products 
were  washed  with  small  amounts  of  alcohol  until  a  light-yellow  powder  was  obtained, and  this  was  recrystallized 
from  alcohol.  For  elementary  analysis, the  alkaloid  was  recrystallized  from  benzene  and  alcohol  and  dried  in  vacuum 
at  78* .  Table  2  gives  data  on  the  elementary  analyses  of  the  alkaloid  investigated,  peganine,  and  linarine. 
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TABLE  1 


Melting  Points  of  Alkaloids  and  Their  Salts 


Alkaloid  from 
Linaria  vulgaris 

j  Linarine 

Peganine 

literature 

in  our 

data  [2] 

experiments 

Ease 

209—210° 

208—210° 

190-191° 

207-210° 

Nitrate 

(in  vacuum) 

'tear' 

(decomp.) 

169-170 

(in  vacuum) 

208 

(decomp.) 

(decomp.) 

Hydrochloride 

206—2^ 

199-200 

— 

Pferate 

199  (decomp.) 

1S3-194 

— 

— 

lodomethylate 

187 

(decomp.) 

186-187 

185—186 

— 

TABLE  2 

Elementary  Analysis  Data  on  Alkaloids  (in  ’’h) 


c  j 

H 

N 

Peganine 

70.21  1 

6.38 

14.89 

Alkaloid  from  1 

70,33 

6.61 

14..58 

Linaria  vulgaris  | 

70.32 

6.59 

14.61 

1 

70.20 

6.64 

— 

Linarine  (according  ( 

68.90 

6.54 

12.01 

to  literature  data[2])  i 

68.59 

6.53 

11.99 

Linarine  (in  our  expert  j 

70.70 

6.54 

— 

ments)  ' 

70.48 

6.72 

— 

Calculated  for 

70.21 

6.38 

14.89 

CiiHjjONj 

Preparation  of  salts.  1.  Nitrate  .  To  an  alcohol  solution  of  the  alkaloid  was  added  concentrated  HNO3  (to 
an  acid  reaction  to  litmus)  and  ether.  The  nitrate  crystallized  as  colorless  needles.  After  one  recrystallization 
from  alcohol  and  ether  it  had  m.p.  168-16Sr  (decomp.)  . 

2.  Hydrochloride.  Into  an  alcohol  solution  of  die  alkaloid  was  passed  gaseous  hydrogen  chloride.  When 

ether  was  added,  the  hydrochloride  crystallized  as  colorless  needles  which  had  m.p.  206-208*  after  one  recrystalllzadon 
from  alcohol  and  ether  . 

3.  Plcrate.  Mixing  alcohol  solutions  of  die  alkaloid  and  picric  acid  yielded  the  pier  ate  as  yellow  needles, 
aggregated  in  nodules.  After  three  recrystallizations  from  alcohol  die  plcrate  had  m.p.  193-194*  (decomp.). 

4  .  Picrolonate.  To  an  alcohol  solution  of  the  alkaloid  was  added  an  alcohol  solution  of  picrolonic  acid. 

On  standing, the  solution  deposited  yellow  prisms  of  the  picrolonate  which  had  m.p.  186-187*  (decomp.)  after 
recrystallization  from  alcohol. 

5.  Oxalate  .  To  a  mixture  of  alcohol  solutions  of  the  alkaloid  and  oxalic  acid  was  added  ether.  When 
the  solution  obtained  was  shaken,  the  oxalate  immediately  began  to  crystallize  as  colorless  needles.  After  one 
recrystallization  from  alcohol  and  ether,  the  product  had  rrup.  170-175f  (decomp.). 

6.  lodomethylate.  0.2  g  of  alkaloid  was  dissolved  in  5  ml  of  methanol  and  to  the  solution  was  added  2  ml 
of  methyl  iodide.  The  mixture  was  boiled  for  5  hours.  After  evaporation  of  the  solvent,  to  the  residue  was  added 
3  ml  of  a  mixture  of  alcohol  and  ether  (1 ;  2) .  The  lodomethylate  was  recrystallized  from  a  mixture  of  alcohol 
and  acetone  (  1 ;  2) .  The  m.p.  was  186-187*. 
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SUMMARY 


1.  The  alkaloid  peganine  was  Isolated  from  the  green  portions  of  Linarla  vulgaris  MllL 

2  .  Direct  comparison  of  peganine  with  die  previously  described  llnarlne  established  that  the  two  alkaloids 
were  Identical. 

LITERATURE  CITED 

[1]  Trudy  Vsesoyuznogo  Nauchno-Issledovatel'skogo  Instituta  Lekarstvennykh  1  Aromadchesklkh  Rastenli, 

9 (1947) . 

[2]  S.  Yu.  Yunusov  and  Z.  F.  Ismailov,  Doklady  Akad.  Nauk  Uzbek  SSR^  11  (1956). 

[3]  E.  Spadi,  F.  Kuffher,  and  N.  Platzer,  Ber.  ^  699  (1935). 

Received  October  14,  1958 


3808 


LETTERS  TO  THE  EDITOR 


SOME. NEW  DERIVATIVES  OF  CYCLOPROPENE 

I.  A.  D’yakonov,  M.  I.  Komendantov,  I.  Gokhmanova  and  R.  Kostikov 
Leningrad  State  University 


In  a  previous  communication  [1]  it  was  shown  that  it  was  possible  to  obtain  ester  (I)  by  reaction  of  diazo- 
acetic  (ethyl)  ester  with  diphenylacetylene  in  the  presence  of  CUSO4  as  catalyst.  The  present  investigation  showed 
that  the  same  reaction  in  the  absence  of  catalyst  at  120  —130*  formed  ester  (H),  The  yield  was  11^’Jo,  The  m.p. 
was  77—78*  (after  chromatography  on  AI2O3  and  recrystallization  from  ligroin). 

Found ‘7o;  C  81.66;  H  6.23.  Calculated  <7o:  C  81.79;  H  6.10. 

Alkaline  hydrolysis  of  ester  (II)  yielded  acid  (III)  with  m.p.  210—211*,  which  has  been  described  in  the 
literature  [2,  3].  The  yield  was  87%. 

COOCoHs  COOR  COOC2H5 

i  L 

lIsCo-C'^H-CeHs  HsCe-C^C-CeHs  H5C6-C— CH-CH3 

(I)  (II)  R  =  C,IU;  (III)  R  =  H  (IV) 


Like  ester  (IV),  which  has  been  described  previously  [4],  ester  (I)  did  not  undergo  alkaline  hydrolysis  in  a 
nitrogen  atmosphere  when  boiled  for  10  hours  with  a  10%  solution  of  CH80Na  in  CH3OH  or  (CHs)2CHONa  in  (CHs)*- 
CHOH,  nor  when  heated  for  8  hours  with  a  5%  solution  of  KOH  in  C2H4(OH)2  at  190*.  It  is  possible  that  the  reason 
for  the  resistance  to  hydrolysis  is  steric  hindrance  arising  in  this  reaction.  In  the  readily  hydrolyzable  ester  (II), 
the  ester  grouping  is  not  in  the  plane  of  the  ring. 

Exceptional  resistance  to  the  action  of  alkali  was  also  observed  f<x  ester  (V),  which  was  obtained  by  condensa* 
tion  of  diazoacetic  ester  with  octyne-4  in  the  presence  of  copper  sulfate  (0.8  g  per  mole  of  NiCHCO(Xl2H5). 

B.p.  79-80*  (3  mm),  ng  1.45900,  1.45588,  1.46646,  d^®  0.9253,  MRp  58.00;  calcd.  57.31. 

Found  %:  C  73.30;  H  10.20;  OC2H5  22.62.  M  195.2.  C12H20O2.  Calculated  %:  C  7a 42,  H  10.27;  OC2H5 
22.95.  M  196.  a  /  _C—  \ 

Infrared  spectrum;  6.10  (av.,  >C  =  C<),  6.25  (v.  s.,  >C  =  0)  and  9.84  Vs-.  >C— ^</  p. 


The  observed  strong  displacement  of  the  carbonyl  frequency  into  the  longwave  part  of  the  spectrum  is  character¬ 
istic  of  esters  of  type  (V).  For  esters  of  analogous  structure,  (I)  and  (IV),  this  absorption  band  is  displaced  even 
further  (6. 31  and  6. 30  p ,  respectively)  due  to  die  presence  of  aromatic  substituents.  *  The  hypothesis  that  the 


o- 


dlsplacement  of  the  carbonyl  frequency  could  be  caused  by  the  presence  of  the  polarized  structure— C+—C==C\ 
.0  \ 


OCailr, 


instead  of  — C=C— 


OC2H5, 


I ,  is  excluded  since  the  dipole  moment  found  for  (V)is  1.7  Dand  that  for  (I),  1.9D. 


•Until  (V)  was  prepared,  these  maxima  were  associated  with  the  presence  of  phenyl  groups  in  esters  (I)  and  (IV). 
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COOC2II5 

I 

c 

1^7^ — ^ 

(V) 


COOC2H5 

I 

C 

H7C3-C — con— C3H7 

(V  A) 


C00C2H5 

I 

CH 

H7C3-C^C0C3H7 

(VI) 


The  yield  of  pure  ester  (V)  was  32.6%.  Crude  (V)  contained  traces  of  its  oxidation  product  (VI).  When 
vacuum  distilled  in  an  oxygen  atmosphere,  (V)  was  completely  converted  into  (VI).  In  all  probability  the  conversion 
of  (V)  into  (VI)  proceeded  through  the  formation  of  the  intermediate  structure  (Va). 

B.p.  97.0-98.5*  (2  mm),  ng  L 4564,  df  0.9869.  Found  %;  C  67.35;  H  9.75.  CbH„0,.  Calculated  %: 

C  67.89;  H  9.50. 

Infrared  spectrum:  5.67  (s.,>c=  O),  5.81  (v.  s.,  >C  =  0),  6.09  (av.,  >C  =  0  <)  p. 

When  the  reaction  was  carried  out  with  a  smaller  amount  of  CUSO4  (0.05—0.1  g  per  mole  of  NjCHCOCXT^s) 
a  mixture  of  (V)  and  the  isomeric  (VII)  was  formed.  When  catalyst  was  absent,  (VII)  alone  was  obtained.  The 
yield  was  40%. 


Alkaline  hydrolysis  of  ester  (VII)  gave  acid  (VIII). 

B.p.  92-92. 5*  (0.5  mm),  n”  L4625,  ng  1.4595,  1.4699,  MR^  48.54;  calcd.  47.96. 

Found  %:  C  71.34;  H  6.92  Equiv.  167.9.  Cn^iA-  Calculated  %:  C  71.39;  H  9.59.  Equiv.  168.2. 

Infrared  spectrum:  5.91  (v.  s.  >C  =  0)  6.11  (s.,  >C  =  C<),  9.72  /  ^ 

\w„  >C- — C>/  p. 


Oxidation  of  (VIII)  with  KMraO^  gave  dibutyrylmethane  (XI). 


COOR 

I 

CH 

/X 

H7C.3 — C==C — C3H7 
(VII)  R  =  C,lI.s;  (VIII)  U  =  H; 


COOR 

I 

CH 

/\ 

HflC^— c=c— C4n9 

(IX)  U  =  C,H»;  (X)  R  =  H; 


R— CO— CH2— CO— R 

(XI)  U= 

(XII)  R=  “-C.II,. 


The  interaction  of  diazoacetic  ester  with  decyne-5  gave  ester  (DC).  The  yield  was  30%. 

B.p.  79-80*  (0.2  mm),  ng  L4479,  ng  1.4452,  i^  1.4542  df  0.8965,  MRp  66.97;  calcd.  66.61. 

Found  %:  C  7481;  H  10.8a  M  219.4.  Hydrol.  equiv.  226.8.  Ci4H2^.  Calculated  %:  C  74.95;  H  10.78. 
M  224  a  Hydrol.  equiv.  224  a  „  . 

I  /  \  ) 

Infrared  spectrum:  5.78  (>C  =  0),  6.09.  (>C  =  C<),  9.80  \>C - C<  /  p. 

Alkaline  hydrolysis  of  (DC)  gave  acid  (X).  The  yield  was  89—92%. 

B.p.  107.5-108*  (0.2  mm),  ng  L4612,  ng  1.4584,  n”  L4681,  df  0,9329,  MR^  57.76;  calcd.  57.32. 
Found  %:  C  7a33;  H  10.49.  Equiv.  197.6.  CjjHjoOj.  Calculated  %:  C  7a43;  H  10.28.  Equiv.  196.3. 


Infrared  spectrum;  5.91  (>C  =  0),  6.10(>C  =  C<),  9.78 
Oxidation  of  (X)  with  KMn04  gave  di-n-valerylmethane  (XII). 


(  ) 
\>C - C</  p. 
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SYNTHESIS  OF  AN  a-OXIDE  WITH  A  TRIPLE  BOND  IN  A  POSITION  0 
TO  THE  OXIDE  RING 


F.  Ya.  Perveev  and  A.  V.  Shchelkunov 
Leningrad  State  University 


The  synthesis  of  a -oxides  with  a  triple  bond  in  a  position  0  to  the  oxide  ring  (I)  has  not  been  achieved  up  to 
now,  though  their  formation  as  intermediate  products  has  been  assumed  in  the  preparation  of  some  vitamins  [l-~3]. 


R 

R' 


R" 

CII,-C=CR 


O 


(I) 


By  means  of  the  Darzan  reaction,  we  were  the  first  to  develop  a  method  of  preparing  oxides  of  this  type. 
The  reaction  was  carried  out  In  liquid  ammonia. 


CHsv  Civ 

\C=0  +  >CH— CH,— C=CH-f  NaOCalls 

CH3/  IK 


-NaCI 

-C,H,OH 


CHs^ 

(il) 


B.p.  65-67*  (50  mm),  ng  L4265,  dj®  0.8680,  MRjj  32.51;  calcd.  32.67. 

Found  <7o:  C  76.49;  H  9.01.  C7H10O.  Calculated  C  76.36;  H  9.09. 

(a,a'-Dimethyl-0-propynyl)-ethylene  oxide  (II)  gave  qualitative  reactions  characteristic  of  monosubstituted 
acetylenes  and  an  a'oxlde  ring. 


In  addition  to  the  oxide  shown,  we  also  isolated  the  product  of  its  reaction  with  ammonia 


flin. 


CII3 

CIIs— C - CH— CH2— C=CH 

I  I 
OH  NHa 
(III) 

B.p.  83-84*  (50  mm),  ng  1.4463,  (fj  0.9014,  MRp  37.62;  calcd.  37.47. 

Found  <70:  C  66.09;  H  10.31;  N  16.84.  C,HiiON.  Calculated  <7):  C  6ai4;  H  10.24;  N  16.66. 

The  amino  alcohol  gave  qualitative  reactions  characteristic  of  monosubstituted  acetylenes  and  hydroxyl  and 
amino  groups  (pH  about  8. 5X 

Work  is  continuing  in  this  direction. 
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DISCUSSION 


SYNTHESIS  OF  ARECOLINE 
P.  S,  Ugryumov 


Since  the  publication  of  my  paper  on  arecoline  synthesis  [  1],  technical  methods  have  been  developed  for 
the  production  of  this  alkaloid.  N-Methyl-3-carbomethoxypiperidone-4  has  become  the  main  intermediate  in  this 
synthesis, and  this  compound  is  hydrogenated  over  a  nickel  catalyst  to  the  labile  form  of  N-methyl-S-carbomeihoxy- 
4-hydroxypiperidine,  which  is  not  distilled,  so  as  to  avoid  isomerization,  but  dehydrated  to  give  arecaidine  and 
arecoline.  The  methods  developed  for  the  hydrogenation  of  N-methyl-3-carbomethoxypiperidone-4  were  later 
repeated  by  N.  A..Preobrazhenskii  et  al.  [2],  except  that  they  distilled  the  hydrogenation  product  of  N-methy*3- 
carbomethoxy-4-hydroxypiperidine  in  vacuum  and  obtained  considerable  amounts  of  a  stable  isomer  that  was  use¬ 
less  for  further  ccniversion  into  arecoline.  My  method  of  hydrogenating  piperidone-4  into  piperidol  was  later  repeated 
in  an  American  patent  [  3].  The  most  original  mediod  of  synthesizing  arecoline  in  this  direction  was  developed  by 
A.  Dobrowsky  [4]. 

In  the  paper  cited  [1]  I  also  proposed  the  synthesis  of  arecoline  from  methylamine,  formaldehyde,  and 
acetaldehyde  and  this  was  later  confirmed  experimentally  by  C.  Mannich  [5].  In  this  connection  I  should  also 
mention  the  synthesis  of  arecoline  from  nicotinic  acid  which  Dr.  Schubert  et  aU,in  cooperation  with  myself  attempted 
to  work  out  in  the  German  Democratic  Republic  in  1949.  However,  up  to  now,  the  only  positive  work  in  this  promising 
direction  is  that  of  J.  J.  Panouse  [6]. 

Simultaneously  with  the  synthetic  investigation  of  arecoline,  I  have  also  examined  problems  of  cis-trans 
isomerism  of  piperidine  derivatives  and  isomerism  produced  by  asymmetry  of  the  carbon  atoms,  the  nitrogen  atom, 
and  the  molecule  as  a  whole  [7]. 
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argument  against  a  simplified  treatment  of  molecular  spectra 


E.  N.  Prilezhaeva 

Institute  of  Organic  Chemistry,  Academy  of  Sciences  USSR 


In  his  discussion  [1],  M.  L  Batuev  used  spectroscopic  data  to  prove  that  not  only  single,  but  also  multiple 
bonds  are  shortened  in  conjugated  systems.  To  do  this  he  simply  compared  the  frequencies  of  mutiple  bonds  in  the 
oscillation  spectra  of  ethylene  and  acetylene  with  the  similar  frequencies  of  the  substituted  compounds  Ci^  =  CHX 
and  CH  =CX.  From  this  he  concluded  that  there  are  substituents  "X"  which  "strengthen"  a  multiple  bond  and  shorten 
the  interatomic  distances  (i.e,  which  increase  its  frequency),  and  others  which  "weaken"  it  (which  reduce  its  fre¬ 
quency)  and  that  groups  — CH=CH2  and  — C  =CH  are  of  the  first  type. 

In  the  first  stages  of  the  development  of  molecular  spectroscopy,  conclusions  were  drawn  on  the  "weakening" 
or  "strengthening"  of  multiple  bonds  based  on  a  simple  comparison  of  frequencies  (see  numerous  papers  by  the  French 
school  on  Raman  spectra  of  unsaturated  compounds,  for  example  [2].  However,  the  so-called  "characteristic"  fre¬ 
quencies  in  oscillation  spectra  of  polyatomic  molecules  are  only  arbitrarily  assigned  to  one  bond.as  actually  with 
each  oscillation  all  the  atoms  oscillate  and  all  the  bonds  are  deformed  to  a  greater  or  lesser  degree.  Therefore, 
the  value  of  a  "characteristic"  frequency  may  change  substantially  from  one  molecule  to  another,due  to  the  change 
in  the  atomic  masses  and  elastic  constants  of  adjacent  parts  of  the  molecule.  It  is  this,  in  particular, which  makes 
it  possible  to  use  oscillation  spectra  for  determining  the  positions  of  bonds  in  molecules.  However,  to  be  able  to 
decide  on  such  structural  details  of  molecules  as,  for  example,  strengthening  or  weakening  of  a  given  bond,  strictly 
speaking,  one  should  start  not  from  the  frequencies,  but  from  the  elastic  constants  of  bonds,  which  cannot  be  known 
without  preliminary  calculation  and,  consequently,  without  an  exact  knowledge  of  the  molecule's  geometry.  For 
this  reason  M.  L  Batuev  is  incorrect  in  stating  that  one  may  readily  assess  the  interatomic  distances  in  polyatomic 
molecules  from  oscillation  spectra.  The  contrary  is  true:  for  a  strict  analysis  of  spectra  of  such  molecules>one 
should  know  their  interatomic  distances  and  valence  angles. 

Nonetheless,  in  some  cases  one  may  compare  the  frequencies  of  molecules  that  are  similar  in  structure  and 
draw  conclusions  from  this  on  the  changes  in  the  elastic  constants  of  corresponding  bonds  in  going  from  one  molecule 
to  another.  For  this,  however,  one  must  first  analyze  the  effect  of  a  change  in  the  mass  of  adjacent  groups  on  the 
given  frequency.  Thus,  a  calculation  using  a  simple  valence-force  scheme  showed  [3]  that  in  the  series  of  ethylene 

compounds  (if  they  are  treated  as  a  three -body  model,  CHj  X,  with  the  interatomic  distance  and  elastic 

constant  of  the  C  — C  bond  constant,  but  the  substituent  mass,  M^^  variable)  the  C  =  C  frequency  lying  in  the  range 
1500—1700  cm“^  must  increase  appreciably  in  going  from  ethylene  (Mj^  =  1)  to  methylethylene  =  15).  At 
the  same  time,  with  a  further  increase  in  M^  from  15  to  a)>the  C  =  C  frequency  decreases  only  slightly  and  is  found 
to  depend  little  on  the  value  ofMj^  over  this  range.  It  is  obvious  from  this  that  the  "C=  C"  frequency  in  various 
ethylene  compounds  can  only  be  compared  with  the  corresponding  frequency  of  methylethylene  and  not  with  that 
of  ethylene  itself.  The  increase  observed  in  the  C  =  C  frequency  in  going  from  ethylene  to  methylethylene  does 
not  indicate  a  "strengthening"  (i.e., increase  in  the  elastic  constant)  of  this  bond  or  a  decrease  in  the  interatomic 
distance.  An  increase  in  the  C  =  C  valence  frequencies  in  going  from  acetylene  to  methyl-  and  dimethylacetylene 
is  also  explained  similarly  (see  Kohlrausch’s  monograph  [4]  on  the  general  problem  of  the  effect  of  the  mass  of  an 
adjacent  substituent  on  the  frequency  of  a  characteristic  oscillation). 

It  is  thus  clear  diat  a  correct  standard  for  the  analysis  of  the  change  in  frequencies  in  systems  with  multiple 
C  —  C  bonds  can  only  be  the  frequency  of  the  corresponding  methyl  derivative  (methylethylene,  methylacetylene, 
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etc.).  It  was  shown  by  this  method  [3—5]  that  almost  all  substituents  reduce  the  frequency  of  a  multiple  C—C 
bond,and  this  decrease  was  considerably  greater  in  many  cases  than  that  calculated  by  the  valence -force  scheme 
for  the  mass  effect.  We  may  assume  that  this  is  due  to  conjugation  of  electrons  of  the  double  bond  with  unshared 
electrons  of  the  substituent  heteroatom  (halogen,  oxygen,  sulfur;  and  nitrogen),  which  produces  some  decrease  in 
its  elastic  constant  (and  consequently  in  its  "multiple  character").  If  such  a  method  of  comparison  is  used  for 
molecules  containing  conjugated  C—C  bonds,  it  is  found  that  the  frequencies  of  the  multiple  bonds  in  butadiene, 
vinylacetylene,  diacetylene*,  hexachlorobutadiene,  styrene,  etc.  are  also  considerably  lower  than  those  of  the 
corresponding  methyl  derivatives.  However,  such  a  comparison  does  not  allow  a  strict  assessment  of  the  change 
in  the  elastic  constant  or  the  interatomic  distances,as  there  is  insufficient  proof  that  the  effect  of  mass  is  low  in 
this  series. 

This  letter  was  intended  to  act  as  a  warning  against  a  simplified  treatment  of  molecular  spectra.  As  was 
shown  above,  oscillation  spectra  do  not  indicate  that  in  conjugated  systems,  besides  appreciable  shortening  of  single 
C—C  bonds,  there  is  any  shortening  of  multiple  bonds.  However,  other  physical  methods  seem  to  indicate  that  the 
latter  hypothesis  is  probable:  thus,  for  example,  it  was  recently  shown  electronographically  [8]  that  the  C  =  C  distance 
in  butadiene  is  1—1.5*70  less  than  in  ethylene. 

This  fact,  however,  does  not  contradict  the  concept  of  p-electron  interaction  in  such  systems  nor  that  of  an 
increase  in  this  interaction  during  a  chemical  reacticxi. 
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SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 


FLAN 

GDI 

GITI 

GITTL 

GONTI 

Goseneigoizdat 

Goskhimizdat 

GOST 

GTTI 

IL 

ISN  (Izd.  Sov»  Nauk) 

Izd.  AN  SSSR 

Izd.  MGU 

LEUZhT 

LET 

LETI 

LETHZhT 

Mashgiz 

MEP 

MES 

MESEP 

MGU 

MKhTI 

MOPI 

MSP 

Nn  ZVUKSZAPIOI 

NIKFI 

ONTI 

OTI 

OTN 

Stroiizdat 

TOE 

TsKTI 

TsNIEL 

TsNIEL-MES 

TsVTI 

UF 

VIESKh 

VNHM 

VNIIZhDT 

VTI 

VZEI 


Phys.  Inst.  Acad.  Sci.  USSR. 

Water  Power  Inst. 

State  Sci.- Tech.  Press 

State  Tech,  and  Theor.  Lit.  Press 

State  United  Sci.- Tech.  Press 

State  Power  Press 

State  Chem.  Press 

All-Union  State  Standard 

State  Tech,  and  Theor,  Lit.  Prels 

Foreign  Lit.  Press 

Soviet  Science  Press 

Acad.  Sci.  USSR  Press 

Moscow  State  Univ.  Press 

Leningrad  Power  Inst,  of  Railroad  Engineering 

Leningrad  Elec.  Engr.  School 

Leningrad  Electrotechnical  Inst. 

Leningrad  Electrical  Engineerii^  Research  Inst,  of  Railroad  Engr. 

State  Sci.-Tech.  Press  for  Machine  Construction  Lit. 

Ministry  of  Electrical  Industry 
Ministry  of  Electrical  Power  Plants 

Ministry  of  Electrical  Power  Plants  and  the  Electrical  Industry 
Moscow  State  Univ. 

Moscow  Inst.  Chem.  Tech. 

Moscow  Regional  Pedagogical  Inst. 

Ministry  of  Industrial  Construction 
Scientific  Research  Inst,  of  Sound  Recording 
Sci.  Inst,  of  Modem  Motion  Picture  Photography 
United  Sci.-Tech.  Press 
Division  of  Technical  Information 
Div,  Tech.  Sci. 

Constmction  Press 
Association  of  Power  Engineers 
Central  Research  Inst,  for  Boilers  and  Turbines 
Central  Scientific  Research  Elec.  Engr.  Lab. 

Central  Scientific  Research  Elec.  Engr.  Lab.- Ministry  of  Electric  Power  Plants 
Central  Office  of  Economic  Information 
Ural  Branch 

All-  Union  Inst,  of  Rural  Elec.  Power  Stations 
All-Union  Scientific  Researdi  Inst,  of  Meteorology 
All-Union  Scientific  Research  Inst,  of  Railroad  Engineering 
All-Union  Thermotech.  Inst. 

All-Union  Power  Correspondence  Inst. 


Note:  Abbreviations  not  on  diis  list  and  not  explained  in  the  translation  have  been  transliterated,  no  further 
information  about  their  significance  being  available  to  us.  —  Publisher. 
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